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MANAGEMENT OF COMMUNICATIQNS IN INDUSTRY 


John G,’ McKinley 
Chief Communications Engineer 
West Fenn Power Company 
Pittsburgh, Pennsylvania 


The subject of Management of Commmications 
in Industry is both timely and important, It is 
timely because confusion has arisen with respect 
to a number of policy matters having to do with 
the procurement, operation, and maintenance of 
communication equipment used by industry. It is 
important because policy decisions being made cur- 
rently will, in the future, effect the continued 
ability of industry in this comtry to obtain the 
most versatile and reliable communications to 
serve industrial needs. 


The spectacular rise of mobile radio systems 
serving industries in this country is little short 
of phendmenal, The importance and, in many cases, 
the absolute necessity of vehicular commmications 
to present-day industrial activity is not a matter 
for argument. It is a well-established fact that 
vehicular commmications together with long- 
established methods of commmication are essential 
to the efficient conduct of modern business in 
this nation. 


The newest communication tool available to 
industry in the post-war period is microwave com 
mmication and it, too, is following the pattern 
,of growth of vehicular commmications, 


American industry today finds itself in the 
very desirable position of being able to depend 
upon its own initiative and its own devices to 
supply its conmunication needs. This fact has 
given rise to discussions throughout the country 
of the position of the common carriers and private 
industry as to the procurement and operation of 
commmication facilities. The discussion has 
reached such proportions that it is desirable for 
all involved parties to re-examine their position 


and policies, 


The principals in this discussion appear to 
be: The User Group; the Manufacturers who supply 
equipment for industry's commmication needs; the 


Common Carrier people whose business it is to sell: 


commmication services to the public and indus= 
‘tries; and finally, the Federal Cormmications 
Commission whose duty it is under an Act of Con- 
gress to regulate the application and use of com 
mmication facilities in the interest of the 


general public. 


; One purpose of this paper is to summarize 
and discuss some of the views of: these several 
— 

& First, in the hope that from the indus~ 
trial management point of view some clari-~- 
fication of the issues involved will re- 
sult; and, ; 


Second, to place before us the information 
necessary to plot an intelligent course of action 
through the seeming maze of facts, inferences, 
and doubts which now cloud the future of indus- 
trial commnications, particularly in the much 
over~crowded radio frequency spectrum. 


A quick look at the industrial communication 
picture develops these significant factors: 


1 - Statistics show-the tremendous growth of com 
munication in the United States, Millions 
upon millions of dollars of capital invest- 
ment - and the figure is growing steadily - 
are being made in communication equipment 
both by industry for privately-owned facili- 
ties and by the common carriers to meet the 
increasing demand placed upon communication 
facilities by the nation's economic and 
social growth, 


2 = Technical developments in the commmication 
field come in rapid-fire order both in the 
field of fundamental development of new or 
improved communication facilities and in the 
adaptation for communication purposes of 
techniques used in other electronic fields. 


3 = Industry is continuously faced with the 
necessity of meeting rising costs by effec- 
ting production or operating economies and 
by increasing speed of operation in order to 
meet competition and supply the market de= 
mands, These two factors alone account for 
the principal impetus underlying the phenome- 
nal growth in amount and complexity of com- 
munication facilities used by industry. 


 - It is said that we are now in a second indus- 
trial revolution. The first was mechani- 
zation of industry. The second in which we 
have gone well beyond the formative stage, 
is "automatic control" and this causes a 
rapidly rising burden on commnication fa- 
cilities. In this sense, we define Com 
mmnication as comprising both voice and 
record communications; the latter including 
supervisory control, telemetering, automatic 
control, facsimile, teletype, and the latest 
brain child, closed-circuit television. 


With such a diversity of industrial com 
munication requirements, it is obvious that the 
industrial communication engineer, his department 
and staff, mst be qualified in these several 
fields, in addition to the longer established 
responsibility of furnishing voice communication 
facilities. The industrial commmication engi- 


neer is a man of many coats, technically. In 


addition, since an important phase of his work is 
in a field which might be described as lying in 
the realm of public property, that is, radio 
frequencies, he must not only be aware of the 
changes and requirements within the industry he 
serves but must be equally cognizant of the re- 
sponsibilities to regulatory bodies and the neces- 
sity of coordinating the planning and operation of 
his own facilities with tnose which his particular 
industry shares with the public domain. 


Attached to this paper as Appendix I, is what 
might be considered a job analysis of an indus- 
trial commumications department. It is common 
industry practice in these days to subject jobs to 
analysis for the fixing of responsibility and the 
determination of the necessary authority to back 
up the job requirement. One without the other 
makes the job a fiction in the sense of effective- 
ness. 


Since we are discussing Management of Com 
munications in Industry, it is important to state 
in specific terms precisely what sort of job is 
to be managed. Taking into account the general 
factors thus far enumerated as they reflect upon 
the power industry, which I represent, Appendix I 
might be considered typical of the responsibili- 
ties of a power system commmication department. 


I shall not take the time to read the analy- 
sis here, but, in summary, in simplest terms, 
these responsibilities boil down to four general 
categories: : 


1 = Those having to do with internal company 
responsibilities and policies; 


2 - Those bearing upon action and policy of 
governmental regulatory agencies; 


3 =» Matters of policy and practices of commni- 
cation common carriers. and their relation to 
the requirements: of the particular industry; 


 « Responsibility of active participation in 
national and regional communications com= 
- mittees and associations through which indus- 
try needs and policies are voiced and coordi- 
‘nation of mutual interests effected. 


Since the industrial commmication job is 
involved in internal and external responsibili- 
ties, both of which have an important influence 
on policy and economics, it is sound policy to 
centralize all commmication activities in one 
department where responsibility and authority are 
fixed and direct control effected. Maximum 
economy and assurance of an integrated communica- 
tion system to serve all phases of the company 
activity are the principal objectives of such 
centralization. 


In simplest terms, a commmication depart- 
ment is: a service organization having responsi- 


bility to all departments of the company. As 
such, therefore, it is desirable that: 


1 = Communications be a department, not a sub= 
group in a department whose major responsi- 
bilities lie elsewhere. 


2 = Responsibility and authority be centralized 
and direct. 


3 = The Communication Department should be far 
enough up in the management scale to assure 
that it is kept fully informed of company 
planning and operating problems. 


), « Contacts with outside communication interests 
such as the common carriers and FCC, both of 
which require uniformity of approach as a 
prerequisite for harmonious and profitable 
relations, should be centralized. 


5 - Finally, for the commmication department to 
do its job economically and without delays 
and misunderstanding, it must have direct ac= 
cess to the policy decision level of the 
company. Otherwise, second, third, or some= 
times fourthhanded transmittal of commmica- 
tion problems to management results in loss 
of time, misdirection and increased cost 
simply because the final presentation of a 
problem lacks the completeness available only 
from the specialist in the field, 


From time to time, all of us have been sub-= 
jected to the argument that the industry which we 
represent is in business to make mouse traps or 
whatever product concerns us, The common care 
riers are in business to furnish communication 
services. Therefore, we are told, let the common 
carriers. furnish the communication service since 
they are best~equipped and best-engineered to do’ 
so. The inference is that, first, a commmica- 
tion department in industry is an unnecessary 
expense and burden and, second, that the common 
carriers are in the position to eliminate this 
"unnecessary burden" and furnish all the com 
munication requirements of industry in the most 


- economical manner, 


It has been the experience of many organi- 
zations who utilize common carrier facilities 
either in part or exclusively that the organi- 
zation must also maintain its own department 
charged with the responsibilities indicated in 


Appendix I in order to satisfactorily work with 


the common carriers if the leased facilities are 
to fumction satisfactorily and that the greatest 
flexibility is to be obtained from the standard 
forms: of communication offered by the common’ 
carriers, 


It has also been the experience of those 


same industrial organizations that they must 


frequently insist upon modification of policies 


and practices of the common carriers to fit their 


peculiar needs in order to effectively use the 
common carrier facility, _ a 
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These same organizations early in their ex- 
perience found that actually there are two types 
of common carrier facilities - those which ade- 
quately serve the needs of the public generally 
and those which have been modified or can be modi- 
fied in order to meet the specialized requirements 
of industrial use. This fact is particularly true 
in the power industry and necessitates the contin- 
uance of an active and well-informed communication 
organization to obtain the proper services. 


The fact that industrial communication re- 
quirements frequently differ materially from the 
general public class of communication is suffi- 
cient argument to set aside any allegation that 
industry should look to the common carrier ex- 
clusively for its communication services because 
it is best suited to furnish it, 


From the industrial point of view, particu- 
larly in those industries such as the power 
industry having, as it does, a direct responsi- 
bility to public health and safety, it is the 
belief of many managements that there is no such 
thing as THE Communication System, Rather, there 
is a growing tendency to adopt a number of basic 
communication systems which act to supplement each 
other, and, by the division of communication 
circuits between several methods of routes, thus 
obtain the maximum reliability and continuity of 
service, This statement obviously includes both 
common carrier facilities and privately-owned 
facilities. It most certainly means intercon- 
nection of the two. 


The right of choice as to how the communica- 
tion job shall be done = who shall do it = and 
what facilities will be used is basic concept 
of policy which must govern the relations between 
the common carriers and industrial users of com- 
munications, I am pleased to say that in the 
electric utility industry, this basic concept of 
negotiations between the two industries has re- 
sulted in more flexible policies and in making 
available heretofore unobtainable facilities. 


Through a period of years a substantially 
representative group of the Interconnected Power 
Systems have met periodically with the common 
carriers to discuss the mutual problems arising 
from the industry's desire to utilize to the ful- 
‘lest extent practicable communication facilities 
available from the common carriers. Ways and 

ans of expanding the policies of the common car- 
ers so as to make heretofore wmobtainable com- 
cation facilities available for use by the ~ 
ustry have been explored and affected. Criti- 
cisms of the policies and practices have been 
frank and forthright, with the general result that 
right compromise has been found under which 
common carriers can supply their services and 
industry can accept them - again, on the 

s of the industry's fundamental right of 
ection in the final analysis as to whether the 
job can best be done by private investment or on 
a leasing basis. 


Industrial communication management is 
listening with a great deal of attention and with 
Some alarm to the pronouncements of common car= 
rier representatives, manufacturing representa- 
tives, the Federal Communications Commission and 
others, concerning policies and practices re- 
volving around leased communication facilities, 
particularly in the field of vehicular commmica- 
tions, There are many in industrial management 
positions who are concerned with the future 
situation of the several industries having free 
quency allocations under present rules and regu- 
lations of the Commission, when considered in the 
light of leasing their vehicular service from the 
common carriers, 


Industrial communication management-is also 
concerned with the future aspect of microwave 
communications as a means of supplying bulk com 
munication requirements at an economical cost. 


Industrial management is aware of allega- 
tions to the effect that if the practice of 
leasing radio communication facilities from the 
common carrier is continued and expanded, that 
eventually we face the question as to whether or 
not special frequencies should continue to be 
set aside for industrial radio usage. 


Questions are being asked concerning the 
charges of the common carriers and their ac=— 
counting procedure in the sale, acquisition and 
maintenance of radio systems. 


Manufacturers are complaining about alleged 
unfair trade practices in negotiations for con=- 
tracts to supply communication facilities to 
industry. 


Industrial commnication organizations are 
complaining that they are not being consulted 
before policy decisions are made by management 
as a result of high level negotiations with the 
common carriers. 


Industrial managements, under the pressure 
of business competition and the necessity for 
rapid expansion of production facilities re- 
quiring large capital investments, are inclined 
to more critically examine the best use of a 
capital dollar; that is, whether a capital dollar 
should be invested in production equipment rather 
than in service equipment suchas communication, 
with the result that the service facilities would 
be obtained through leasing arrangements wherein 
the capital investment for equipment is borne by 
the common carrier furnishing such services. 


The motivation behind all this welter of 
self-interest, over-enthusiastic sales promotion, 
and competition for communication business boils 
down to what appears to be reasonable and proper 
business policies, The area of disagreement lies 
principally in how these policies are implemented 
and carried out byzespective representatives of 
the parties involved: : ; 


1 - Manufacturers are interested in expanding 
markets 3 


2. The conmon carriers are interested in maximm 
use of their facilities and expanding reve- 
nues; 


3 = Industry (the user) is seeking economical 
methods of meeting expanding demands for 
service and betterment of service; 


lh « The Federal Conmunications Commission, sitting 
in the middle of all this discussion, is quite 
properly concerned with: 


(a) Administration of the law 
(b) Tariffs 


5 - Finally, the User Group insists upon its 
right of choice of service methods and op-~ 
poses any policy, which directly or indi- 
rectly, through frequency allocation manipu- 
lations tends to limit or remove this right 
of choice. 


The Commission is concerned, and has so 
stated clearly and emphatically, that irrespective 
of management decision as to how it acquires its 
communication facilities, it is responsible’ under 
the law for the operation of that equipment. With- 
out regard to any statements allegedly made by the 
supplier, industry is wholly and completely re= . 
sponsible for the operation of its radio facili- 
ties. It must at all times have access to the 
equipment supplied, and it must, for its own pro= 
tection under the law, actively assume and carry 
out its responsibility to see to it that the 
radio facilities meet at all times the Federal 
Communication Commission's Rules and Regulations. 
There can be no delegation of this responsibility 
by contract or by any inference, direct or in- 
direct, that the supplier is assuming that re- 
sponsibility. Misleading statements relative to 
responsibility, if made deliberately in order to 
promote sales, is a dangerous practice which can- 
not be condoned. Management's wisest course is 
to see to it that service contracts not only 
spell out the licensee's responsibility but, ad- 
ditionally, specifically provide the necessary 
access to property and other physical means for 
discharge of responsibility. 


As to the matter of future loss of frequency 
spectrum space resulting from increased use of 
leased services, the argument, to some management 
people at least, appears rather farfetched, The 
need for private frequencies for certain indus-. 
trial radio services is established in the records 
of the Federal Communications Commission and al- 
locations have been granted thereon, The fact 
that equipment to furnish this service may be 
obtained by more than one means is not a point of 
issue as to the present or future need of the 
private frequency. The right of choice as to who 
supplies what equipment is a policy decision that 
lies within industry and wholly outside the juris- 
diction of the Commission. I should add here that 


matters pertaining to rates and tariffs applying 
to radio communication service to industry is 
properly a matter for Commission consideration. 
For that matter, it is also a matter for indus- 
try's consideration and frequently is a basic 
factor in the decision as to whether the indus- 
try will lease the facilities or invest its 
private capital. 


Whether or not there are, in fact, wnfair 
practices current in sales promotion, I leave to 
those authorities who are concerned in this phase 
of the problem. I would only say that if there 
were not, it would probably be unique in the 
history of commercial development and activity. 


Industrial management's concern lies in the 
field of obtaining the maximum communication fa- 
cilities for the minimm annual cost. If agree~ 
ment could be reached following general policy 
principles, much of the present confusion and 
misunderstanding can be avoided. 


1» The basic right of choice as between leased 
or privately-owned facilities lies exclu. 
sively with the User Group, As a necessary 
requisite for exercise of this right of 
choice, the users must insist upon there 


being no tampering with frequency allocations, 


2 = The User Group must negotiate its contracts, 
where such are involved, in a manner to fully 
meet its obligation under the law and the 
Federal Communications Commission's Rules and 
Regulations, 


3 = Commmications problems and policies should 
be exposed to the light of thorough analysis 
by fully informed industrial commmication 
personnel prior to final policy decisions on 
the part of management; and 


= The media of national committees and direct 
negotiations with the common carriers should 
continue to be fully utilized for the promo- 
tion of mutual interests and settlement of 
policy differences, Industry support of 
national and regional communication commit- 
tees, particularly in the field of frequency 
coordination, is essential to the future 
health of industrial radio services. 


SUMMARY 


Where millions of dollars of capital in- 
vestment and similar amounts for leased: services 
are involved, it is understandable that strong 
pressures arise to garner in the industrial com- 
munication dollar, The simplest and most effec- 
tive means of protecting the commumication dollar 
is the maintenance of company communication de=’ 
partments of a nature which will keep its manage= 
ment fully informed of the progress of the art, 
of the broad aspects of the problems in the radio 
frequency spectrum, and expertly analyze the 
economics involved in obtaining, operating, and 


maintaining the diversified communication networks 
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required to meet the needs of industry. If the 
communication department of an industrial organi 
zation is to prove worthy of its assignment it 
must provide its management with the best com- 
munication network, selecting from all forms of 
facilities and services available to it, those 
‘which in combination best meet the specific needs. 


Management can expect its communication de- 
partment to render this type of communication 
service only if it delegates the proper responsi- 
bility and authority and acts on the recommenda- 
tions of its communications organization. 


Commmication can be expensive, 
important part of production costs, It can be 
wasteful of people's time and effort. In some 
cases it can be an unmitigated nuisance, 


It can be an 


Nuisance = liability - expense - it's an 
absolute necessity for the conduct of business, 
Industrial commmications in the aggregate repre- 
sents millions of dollars. The administration of 
the investment and operating expense of communi- 
cation warrants the most careful attention on 
the part of management and, if given such, will 
make its proper contribution to economics of 
operation and effectiveness of service to the 
public. 


APPENDIX I 


MAJOR RESPONSIBILITIES OF COMMUNICATION DEPARTMENT 


1 = Be responsible for planning, engineering, 
maintenance, standards and procedure activi- 
ties involved in furnishing adequate, reliable 
and economic commmication facilities to meet 
the specific requirements of all departments 
of the company; coordinate such requirements 
with overall company operations in order to 
maintain an integrated commmication system. 


2 = Supervise contracts and agreements; coordinate 
engineering reyuirements, communication prac- 
tices and construction standards with those of 
commercial telephone ‘companies with whom the 
company may be interconnected for the purpose 
of furnishing leased commnication services 
and facilities. 


3 - Act as authorized agent for the company with 
respect to the negotiation of contracts and 
agreements and the procurement of leased fa- 
cilities from commercial telephone companies. 
Confer with manufacturers! representatives, 
and consulting engineers to obtain, furnish 
and exchange information and to discuss com 
munication facilities, engineering operation 
and maintenance problems, 


 - Confer with representatives of the Federal 
Communications Cémmission to keep informed of 
FCO licensing, rules and regulations affecting 
industry radio operation; prepare, submit, and 
follow up on all applications for radio sta- 
tions and operator licenses. 


5 - Participate in professional society work, 
radio coordination groups and engineering 
conferences to keep informed of, formulate 
and exchange information on developments in 
telephone, radio and other communication 
activities as applied to policy matters af- 
fecting company operations. 


6 = Initiate, supervise and conduct technical 
investigations, field surveys and tests in- 
volving communications engineering. Analyze 
and test new communication equipment for 
possible application. Conduct traffic sur- 
veys; make performance, efficiency and cost 
studies leading to improvements and economies 
in the communication system. 


7 - Prepare budgets, maintain files on communita- 
tion equipment, costs, procedures and stan- 
dards; interview job applicants, be responsi- 
ble for employe relations, welfare and com- 
pensation and settlement of complaints and 
misunderstandings. 


THE COMMUNICATIONS ENGINEER'S ROLE 
IN AMERICAN RAILROADING 


J. N. ALBERTSON 
Assistant Superintendent of Communications 
T, & N, 0. Lines, Southern Pacific R. R. 
Houston, Texas 


When Lou Kearney asked me if I would 
present a paper on the Communications 
Engineer's role in American Railroading 
I wondered what I might discuss that 
would have universal interest, There are 
so many fields of communications and 
electronics incident to railroad oper- 
ation that it is difficult to do real — 
justice to any particular one in 20 or 30 
minutes, For instance, the problems 
encountered in the mitigation of elec=- 
trolysis U. G. cable plant is an im- 
portant part of Railroad Communications — 
Engineers ' work on some railroads, while 
not important at all on others, bole 
line design, wire crossings, power line 
parallelisms and conflicts, inductive 
coordination problems, telegraph and . 
telephone transmission, radio, radar, and 
microwave all are incident to and part of 
Railroad Communications Engineers! every- 
day job. Therefore, and with your kind 
indulgence,I will endeavor to give you a 
general resume of what communications 
means to railroading and how the 
Communications Engineer has met the 
problem and grown with the job, what his 
problems are today and what his pro- 
posals embrace for the future, 


The larger and more complicated 
railroad operations become,the more 
dependent management and personnel be- 
come upon communication facilities in 
order to know what is taking place and to 
initiate the orders and actions necessary 
to keep trains and traffic moving safely, 
efficiently and economically. Without 
a continuous flow of intelligence pour- 
ing over carefully established channels 
of communications, railroads could not 
perform the tremendous service expected 
_of them. Some railroads operate as much 
as 15,000 miles of track. Consider the 
broad functional area as well as the 
technical activity incident to such 
operations, All this vast operation 
must be controlled to a degree of smooth- 
ness and efficiency of a perfect mecha- 
nism working under the trained eye of a 
master craftsman, To accomplish this 
the railroad industry has had to take 
each improved service afforde? them by 
the telephone and telegraph and inte- 
grate these advantages into all phases 
of operation and service. To further 
this end the railroad industry has 
reached out into other fields and 
adopted microwave, electronic signalling, 
radar and in some cases even television 


to speed up the many operations involved 
4n handling long freight trains safely 
and expeditiously. This constitutes a 
development of the most profound 
significance. 


Modern communications is the nerve 
center of the railroad system from the 
standpoint of intelligence and control. 
The exploitation and utilization of ‘* 
communication facilities as applied to 
railroading and the ability to instantly 
visualize the ever increasing importance 
and possibilities such facilities play 


‘tn railroad operation is the job of the 


Railroad Communications Engineer, 


In the early stages of railroading, 
communication was immediately recognized 
as mandatory to operation. Naturally. 
the potentialities of Morse telegraphy 
were recognized and in 1851 Charles Minot 
of Erie RR handled the first train order 
over neutral Morse telegraph circuit. 
Two years later duplex telegraphy was 
made available by Gint1l; Thomas Edison 
made quadruplex telegraph possible in 
1874, While quadruplex telegraphy has 
disappeared, simple Morse circuits are 
still used at many points on some rail- 
roads for train order and message 
business. Duplex telegraph circuits are 
abundantly used on railroads throughout 
the nation to handle printer service on’ 
a full or half duplex basis. Over and 
above these various combinations of dc 
telegraph is the carrier telegraph for 
printer service, Today many railroads 
employ thousands of miles of both FM and 
AM carrier telegraph for regular message 
business, train reservations, train con- 
sists and manifest reporting. 


Today, many railroads use thousands 
of miles of both FM and AM carrier tele- 
graph for regular messages, train reser- 
vations, train consists and manifest 
reporting. The choice between AM and FM 
carrier telegraph must be given careful 
consideration since both systems afford 
reliable high-speed transmission, and ex- 
cept for the noise advantage FM has over 
AM, the choice depends upon the particu- 
lar application. When circuits (general- 
ly carrier) have low noise level, poor 


_ frequency stability, and no rapid level 


fluctuation, AM systems would tend to 
Operate more satisfactorily. Systems 
(generally carrier) that are subject to 
considerable noise, level variation, but 


that have good frequency stability, would 
operate better with FM carrier telegraph. 


The Communications Engineer must be famil- 


iar with the various types of service, 

their over-all effect on operations and 
the cost for a complete unit compared 

with that of similar equipment built by 
railroad forces. Upon his decision may 
rest the success or failure of a costly 
project involving thousands of dollars. 


As an example, we were to replace 
ten duplex sets at a particular location 
on our road. The cost of each of these 
units amounted to $425 complete, but by 
arranging with the manufacturer to. build 
the sets ourselves, we were able to save 
approximately $100 per set, or $1,000 on 
the project. These and other similar 
savings are part of the service rendered 
by the competent Communications Engineer. 


Not long ago, my railroad initiated 
a mechanized car reporting system for 
consist and manifest reporting, to sim- 
plify car accounting and to produce a 
more adequate record of car movements. 
Before this system could be installed, 
the entire railroad had to be surveyed 
in order to approximately locate the im- 
portant points where additional teletype 
facilities and equipment would be needed, 
and to determine the cost and means of 
obtaining the new equipment. Before the 
system of mechanized car reporting was 
placed in service the Communications 
Department was called upon to engineer 
rearrange, purchase and install approxi- 
mately 4000 miles of carrier telegraph 
along with several hundred miles of 
physical telegraph circuits. 
five telegraph offices had to be 
completely rearranged and redesigned to 
accommodate additional printers, trans- 
mitter distributors, non-typing and 
typing reperforators and special IBM 
machines designed to take cards arranged 
in trein order and convert the informa- 
tion to tape for transmission to the 
next terminal. Telegraph patching 
facility, loop operations, and power 
requirements had to be provided since 
the equipment must be arranged so as to 
provide maximum utilization. In some of 
the larger relay offices a portion is 
generally reserved exclusively for 
switching operations separate from local 
sending and receiving positions. Cir- 
cuits designed exclusively for mechanized 
car reporting must be capable of handling 
continuous transmission without inter- 
ruption since integrated data processing 
or punch card technique could not be 
applied in the sense that it is presently 
being used. The problem of lighting, 
heating and ventilation must be con- 
sidered; while the Communications 
Engineer is not directly concerned with 
the construction of these facilities he 


In addition, 


must be familiar with all phases of the 
project since each one would have an 
effect on the over all success or 
failure of the operation, 


You may wonder why in the midst of 
all this unprecedented modernization of 
telegraph facilities we continue to use 
simple Morse circuits. I might answer 
this question by saying that these short 
haul Morse circuits provide economical 
service on branch lines and between 
stations on the main line. They are 
also used occasionally for emergency 
dispatching purposes. The quantity of 
traffic handled over them is generally 
small, and when personnel are available 
and properly qualified it is expected 
these circuits will stay in operation 
for some time to come. 


As to the future of the over-all 
telegraph plant I may say that it is 
ever expanding; additional carrier cir- 
cuits are being added each year as the 
railroads continue to integrate 
mechanized car reporting systems. While 
our present plant provides for the most 
part the operation of printer equipment 
on a 60 WPM basis, it is not unlikely 
that we may go to 75 WPM in the not too 
distant future,as traffic continues to 
increase. We have also considered the 
use of 100 WPM printers for operation on 
short local circuits for the preparation 
of waybills between freight station ani 
yard office, Carrier telegraph circuits 
are being introduced into the field of 
CTC operations on railroads and, since 
earrier telegraph circuits are more 
abundant about the railroad plant, they 
render themselves more readily for 
alternate use and provide considerably 
more flexibility in operating Central- 
ized Train Control from distant loca- 
tions. The success of operating Central~ 
ized Trafffe Control over communication 
facilities is the result of the combined 
talent of the Communications and Sig- 
nalling Engineers. 


To reach into the more distant 
future as regards the proposition of ex- 
pansion of telegraph circuit activity, 

I might say that many of the larger re- 
lay offices presently being’ handled on a 
manual basis will be arranged to handle 
message service on a completely auto= 
matic basis. A further but more distant 
arrangement may be to some day use many 
carrier telegraph circuits as a medium 
of transmission to furnish information 
to giant and complex computers, Such 
machines are capable of handling up to 
3600 items per minute and,if the infor- 
mation from various divisions were com- 
bined and sent to a central point where 
one of these machines were located,it is 
feasible to assume that one machine 


could handle the work of several hundred 
people and provide the answer to many 
problems in a matter of minutes. The 
application of facsimile to the communi- 
cation plant has been given serious con=- 
sideration by many railroads for service 
between local points. 


TELEPHONE 


Up to now I dwelled principally up- 
on the Communications Engineer's 
problem and relations to telegraph 
facilities. I would like to now dis- 
cuss the tremendous impetus that im- 
proved telephone communications have 
had on present day railroad operations. 
Between 1884 and 1900 the art of tele- 
phony was developed to the point where 
a large number of telephones could be 
operated successfully on one circuit 
and during the same period three and 
one-half cycle selective signalling was 
developed. When this was accomplished 
railroad dispatching facilities were 
born, 


The early Communications Engineer, 
along with the manufacturer, began the 
long development period which has 
brought us the excellent standards in 
communication by which trains are 
presently being dispatched. To the 
Railroad Communications Engineer the 
dispatching circuit is his most im= 
portant piece of circuitry. All others 
may fail but when the dispatcher'’s cir- 
cuit ceases to operate, trains are de- 
layed or slowed down or may even be 
stopped. So long as the dispatcher can 
talk with way-stations or train crews 
he can keep the railroad operating and 
delays to passenger and freight trains 
can be minimized, You can therefore 
see the importance of such a circuit. 
The dispatcher’s circuit is essentially 
a long party line. Some circuits where 
traffic is quite heavy are only 60 
miles long, whereas in areas where the 
traffic is lighter the total mileage 
connected to the dispatcher would be 
somewhere near 500. Any station con- 
nected to such a circuit can be rung 
selectively by the dispatcher as it is 
desired. In order to ascertain that 
the signalling equipment in the way- 
station is operating properly arrange- 
ment is provided on the station selec- 
tor to give the dispatcher an answer 
back while the bell is ringing. All 
phones connected to this circuit are 
of the local battery type. In the 
connection and design of such a long 
circuit where there may be as many as 
60.to 300 phones on the same line, the 
Communications Engineer must keep many 
‘things in mind, some of which are as 
follows: 


1. The over-all transmission from end 
to end and from one end to dispatcher. 


2, The amount of ringing power 
necessary without resorting to ex- 
tremely high voltage, 


3. The number of ringing repeaters 
that can economically be installed to 
reduce the over-all ringing current at 
the dispatcher’s office. 


4, The effect of simplex circuits 
from the standpoint of noise, etc. 


. The amount of near-end cross- 
talk, side to side or phantom to side 
if. phantom circuits are involved. 


6. The effect of superimposing 
carrier on these circuits. 


7. Patching facilities. 


8. Telephone efficiency. Bridging 
loss, filter effects, etc. 


The Communications Engineer must be 
able to devise methods such as were 
necessary during war periods when it be- 
came necessary to split a dispatching . 
district because of increased traffic, 
At that time the manufacturer had not 
developed a method of selective ringing 
over a carrier system. The problem was 
given to the Communications Engineer and 
the result was an arrangement which per- 
mitted signalling over carrier channels. 
Today such devices are available 
commercially. Occasionally it becomes 
necessary because of economic reasons 
to close down a way-station; however, 
the dispatcher is still interested in 
knowing whether or not the train has 
passed this particular location. Here 
again several simple arrangements have 
been developed by the various Communica- 
tions Engineers throughout the country 
to provide this information on a coded 
or non-coded basis, audible back to the 
dispatcher. The general trend today is 
to consolidate dispatcher districts as 
the operating divisions increase in size, 
By careful application of carrier, the 
voice frequency repeaters and by con- 
sulting with manufacturers on various 
problems relative to equipment, Railroad 
Communications Engineers are keeping 
pace with the ever-changing field of 
dispatching facilities, 


When one speaks of long distance 
telephone circuits it brings to mind the 
facilities of A. T. & T. Co.'s Bell 
System, yet many railroads, especially 
those West, have long distance circuits 


commensurate with the Bell Plant. These a 


circuits are in many respects replicas 
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of the Bell System, especially in the 
carrier equipment. Single channel 
carrier operating in the frequency band 
between 4 and 10 ke were the first to 
find their place on railroads around 
the mid 30's. Shortly thereafter 3 
channel carrier was used. Today rail- 
roads use stackable type systems that 
can provide anywhere from 1 to 12 
channels. For example, our railroad 
operates 3 channel carrier between 
Houston and El Paso and Houston and 
New Orleans, in addition to carrier 
systems to San Antonio, Dallas, 
Victoria and Lafayette. Some of these 
carrier channels are used exclusively 
for carrier telegraph and others are 
ee to operate on a speech plus 
asis,. 


The successful operation of carrier 
on existing wire facilities, especially 
the extremely long-haul type such 
as exist between Houston and El Paso 
on our road, is a challenge to the 
Railroad Communications Engineer. Let 
me tell you briefly what must be done 
before carrier can be operated success- 
fully on railroad wire facilities, 
First, terminal and all repeater loca- 
tions must be decided upon. By 
reference to tables and formulas the 
theoretical loss based on wet weather 
conditions can be estimated between 
terminals and repeater. This assumes. 
that all irregularities resulting from 
impedance mismatches between open wire 
and cable be corrected by auto 
transformer, carrier cable loading or 
similar device. Transmission tests are 
then conducted to verify the 
theoretical values, Near-end and far- 
end cross-talk tests are made to dis- 
cern if possible the effects the pro-= 
posed carrier system may have on exist- 
ing systems or if the proposed system 
will be subject to adverse cross-talk 
or noise. Since the proposed carrier 
is usually placed on the dispatch or 
message circuits, appropriate filtering 
of the way-station telephones must be 
considered, The Communications 
Engineer must be able to evaluate the 
results of his tests from the stand- 
point of cross-talk, attenuation, noise, 
absorption, etc., and to take advantage 
of frequency frogging or frequency 
inversion, if you please, to reduce 
the amount of slope equalization re-= 
quired to produce flat channel response. 
The end result of course is better cir- 
cuit performance, The selection of 
type and make of carrier equipment is 


important and the matter. of loop gain 


in terminal and repeater along with _ 

the type of regulators and method of . 
signalling must be considered. Regula- 
tion in the carrier system is important 


to the Communications Engineer. You 


folks may prefer tocall it A. V. C, 
Well it is essentially that plus a 
little more, Some regulators provide 
slope equalization as well as 
regulators, that is to say they: auto-~ 
matically compensate for the first 
derivative or change in line attenua- 
tion with frequency during dry weather. 
In addition some regulators are 
equipped with networks that provide 
"twist" so to speak. "Twist" in the 
carrier language is a term applied to 
the second derivative or changes in the 
slope of the attenuation curve due to 
wet weather, Whether the carrier system 
operates in frequency band between and 
355 ke or 40 to 152 kc, the problems 
confronting the Communications Engineer 
are similar except that high frequency 
systems are more susceptible to cross - 
talk and absorption peaks. Today 
however, by the use of compandors it is 
possible to get approximately 22 db 
cross-talk advantage and make possible 
operation of high frequency carrier 
systems on circuits, which would other- 
wise require expensive retransposing to 
keep cross-talk within acceptable limits. 
Obviously the application of compandors 
to carrier channels is one of extreme 
importance since the cost of retrans- 
posing a line from a 3 ke pattern to a 30 
ke pattern amounts to approximately $90 
per mile, whereas transposing from a 30 
ke pattern to "J" transposition scheme 
would be approximately $150 per mile. 


The present trend among railroads 
in long distance telephone is toward 
toll dialing between major division 
points. The principal advantages are 
reduction in the number of operators 
necessary to process calls and the 
greater rapidity in distribution of 
these calls, On the other hand it is 
generally necessary to increase the 
number of trunks between two given 
points. Here the Communications 
Engineer must decide on the relative 
economics involved, Reducing operators 
is certainly a savings; however, adding 
trunk circuits may be costly, depending 
upon the condition of the underlying 
physicals, the number of carrier cir- 
cuits in present operation and the 
number of additional circuits required 
to handle the increased traffic 
efficiently. The problem of switching 
on a through and terminating basis must 
be considered and especially if the 
switching equipment is to be wholly. 
owned by the railroad. For example, 
in multi-channel] carrier systems em= 
ploying dial facilities, the carrier 
signalling panel on each end per 
channel must work into a device known 
as a dial applique panel. This unit 
may be designed to handle simple dial 


functions covering control and super-= 
vision or it may be designed to handle 
several functions including control, 
supervision, flash back busy, network 
switching and radio transmitter control. 


If it is proposed to employ several 
multi-channel carrier systems in a toll 
dialing network, arrangements must be 
provided to maintain appropriate trans- 
mission equivalents especially when 
dialing through one division point to 
another. Common practice is to set the 
1000 cycle level at the hybrid line jack 
for 3 dbm and then insert 3 or 4 db in 
the through and terminating tie trunk 
equipment. Station to station calls 
then equate to 6 or 7 dbm, Whena 
through call is placed the operator 
connects the two carrier channels to 
each other via the through jacks; this 
removes the 3 or 4 db pad, whichever 
has been inserted, and the net loss 
through the office remains at 6 dbm, 
Such an arrangement must be provided for 
on an automatic basis when going to 
inter-toll dialing on the railroad, 


RADIO 


Over and above the application of 
telegraph and telephone to modern day 
railroading the Communications Engineer 
has had to cope with the ever increasing 
impetus the application of radio has had 
on the railroad industry. As early as 
1914 tests were conducted to determine 
the possibility of an induction system 
on an eastern railroad. It was not 
successful, however, due in part to high 
noise level and probably insufficient 
knowledge in circuit design. It was a 
step, however, and tests of various degree 
continued throughout the country on 
several railroads, It was not until 
after World War 2 that radio application 
to the railroad industry became of any 
significance, Here again the 
Communications Engineer working with the 
manufacturer, making field tests cover- 
ing transmission, power output, receiver 
sensitivity, frequency stability, and 
above all the ability of the equi pment 
to withstand the vibration and shock 
encountered, helped to develop the. 

- present day set. Today several 
manufacturers offer excellent gear for 
train radio service all of which is the 
end result of collaboration between 
Railroad Communications Engineers and 
Manufacturer. 


Many railroads today are rapidly 
expanding the application of radio to 
engine, cabooses, yard and way~station 
service,- The end results of such instal- 
lations manifest themselves in less 
terminal time, reduction in delays while 
on the ‘road and also contribute 


tremendously to "pooled information"— 
that is to say, everyone is aware of what 
is taking place, In addition to these, 
the use of radio in railroad operations 
provides continuous access to moving 
trains as a safeguard against accidents. 


For those railroads completely 
equipped with radio the problems are 
essentially those of maintenance and 
refinements of application, such as an 
ingenious arrangement worked out by one 
railroad communications engineer that 
provides for operation of power switch to 
allow a train to enter a yard or hold the 
main track. The entire operation is 
performed by the use of 2 audio oscil- 
lators in conjunction with a small porta- 
ble pack set among other equipment. As 
time goes on there will be many other 
such useful applications of radio, .Rail- 
roads not equipped with radio face the 
problems of.testing for propagation and 
deciding upon @ particular manufacturer, 
The Communications Engineer's decision 
usually comprises the question of 
economics, performance, durability and 
future arrangement. 


Microwave systems have not as yet 
found their way into general railroad 
application except in a very few cases, 
There are many reasons.for this. It is 
still more economical to use wire line 
carrier when such lines are available in 
place of microwave, Another reason has 
been the constant state of flux the art 
has been in which included the never 
ending argument as to the relative 
merits of the different types of 
channelizing or multiplexing. On large. 
projects the cost of propagation tests 
are high, without such tests it is prac- 
tically. impossible to design and engineer 
a system. 


The Communications Engineer, upon 
deciding to install a microwave system, 
must consider the relative economics, 
advantages and disadvantages of a par- 
ticular application. The selection of 
multiplexing equipment will be governed 
to a major extent by the type of service 
involved. I would venture to say that 
the railroad industry might prefer fre- 
quency division to other types of multi- 
plexing such as FM, P..T. or double side 
bend transmission because wire line 
carrier of suppressed single*side-band 
type could be arranged to work into 
the microwave system as well as the 
wire line. Also, the modulation band 
width for a given number of channels 
employing frequency division is con- 
siderably less than for a similar 
number of channels employing pulse 
systems. Microwave systems will 
eventually find considerable application 
in the railroad industry and especially 


36 on those railroads whose communi- 
eation lines are subject to frequent 
prostration as a result of storms. The 
Railroad Communications Engineers are 
keeping a constant vigil on the various 
systems offered by the manufacturer 

and are ever ready to make use of the 
advantages offered by this equipment 
when possible. 


The Railroad Communications 
Engineer has worked closely with the 
manufacturer in the development and 
application of radar applicable to wire 
lines as a fault detector. The device 
provides a means of detecting shorts, 
opens, grounds, etc.,on open wire lines 
up to 200 miles in length. Further 
use of radar, so to speak,is employed 
in a device which makes use of the 
"doppler" principle for checking the 
speed of trains on restricted curves. 
It is expected this device will find 
many other applications in the railroad 
industry. 


So much for the general picture of 
the Communications Engineer's role in 
railroad industry. Now for a few 
moments I would like to give you some of 
the Communications Engineering problems 
incident to the construction of one of 
the South's largest push button gravity 
switching yards presently under con- 
struction by Southern Pacific RR = T&NO 
Lines at Houston, This yard will be 
able to perform the classification 
switching necessary to accommodate the 
movement of some 6000 cars per day. 
After the general track and building 
plan was agreed uponythe Communications 
Department was called upon to provide 
sufficient communication to enable the 
entire yard to operate efficiently. To 
accomplish this it-was necessary to pro- 
vide 5 separate talk-back and paging 
systems throughout the yard employing 
216 TB speakers and 40 paging speakers. 
Each of the 5 systems will work into 
separate consoles of various sizes. 


All consoles are wired together to provide 


low level communication between them. 
The entire cable plant is being placed 
under ground and only cable terminals 
will be above ground. It is estimated 
we will have approximately 120,000 feet 
of cable buried in the yard. Aitogether 
the gravity switching yard will be pro- 
vided with approximately 500 watts of 
paging power. Supplementing this a 


small automatic PAX will provide addition- 


al communication between many of the 
- points in the yard and general office. 


At the west end of the yard on 
each side and also in the middle of the 
yard,car checking stations are located. 
Men in these stations will be provided 


with special telephones that can be 
connected to a dial line or to tape 
recorders located in the general yard 
office approximately a mile away in the 
vicinity of the top of the yard. There 
are seven tape recorders available, any 
one of which can be accessed by the men 
lecated in the car checking stations by 
merely lifting the receiver from the 
hook and depressing a button once. When 
the recorder is accessed it sends a low 
audible tone to indicate it is ready to 
record, also it is made busy to all 
other lines by virtue of the automatic 
switching equipment. The checking 
station can now begin his recording of 
the train as it passes his station, 
stopping and starting the recorder by 
means of a push button located in the 
hand set. Upon completion of the 
recording the checker hangs up the 


_ phone. 


The recorder, while still ree 


maining busy to all lines, rewinds itself 
to the start position and signals the 


transcribing operator that it contains 


information on tape for him. The 
transcribing operator, upon seeing the 
light, operates a key which connects the 
output of the recorder to a head set or 
to a loud speaker and proceeds to trans- 
cribe the message, starting and stopping 
when necessary by means of a, foot 
switch. He may also rewind the recorder 
by operating a key for that function. 
Upon completion of the transcription 
the transcribing operator operates a 
key marked "reset", The operation of 
the reset key causes the recorder to 
rewind itself to the start position, 
extinguishes the signalling lamp, re- 
turns the recorder to the bank of 
recorders and removes the busy at the 
same time making it available for future 
use. In addition to the above, all yard 
and humping engines will be equipped with 
radio} also the various towers will be 
equipped with radio,and provisions have 
been made to remote control the tower 
radio from other important points 
throughout the terminal, 


Another innovation made possible by 
electronics is in the situation con- 
fronting the Railroad Communications 
Engineer as a result of air conditioning 
and sound-proofing various towers and 
buildings. While such embellishments 
are excellent from the standpoint of 
health and comfort of the personnel 
involved they do present the problem of 
hearing train whistles, sounds, etc. 
taking place on the outside, Actually 
sound will be wired into the towers by 
locating loud speakers at strategic 


_ points throughout the yard and then 


connecting them to an amplifier input. 
The output will be connected to a 
small speaker with suitable volume 
control. 


While I have made reference to the 
Communications Engineer throughout the 
discussion I would like to say that the 
term be used in the broadest sense to 


include Superintendent, Assistant 
Superintendent , Electronic Engineer, 
and Supervisor of Communications since 
the greater portion of these men are 
essentially Communications Engineers, 
whose broad experience and application 
ability have made possible the 
extraordinary acceleration in railroad 
communication in past decades, 
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A WALTICHANNEL CRYSTAL OSCILLATOR 


‘ Alwin Hahnel 
Signal Corps Engineering Laboratories 
Red Bank, New Jersey 


Introduction 


As a source of 4 multiplicity of crystel con- 
trolled frequencies,.one may utilize frequency-— 
controlled spectra obtained by the generation of 
nérrow pulses et @ crystal controlled repetition 
frequency. At VHF and even more so at UHF, this 
requires pulses of extremely short dcuretion and 
of very large amplitudes. The pulse energy is 
Spreéd over the entire frequency range from the 
fundamental to above the highest utilized fre- 
Guency. Thus, most of the aveilable energy is 
contsined in the frequency band below the desirec 
reference frequencies leaving only little energy 
in the utilized frequency range. The energy of 
ell harmonics that ere not simultaneously used is 
wasted. They may also fall into a critical fre- 
Guency range and cause undesired responses, or 
their presence may result in unwanted frequency 
combinations with other signals. 


The oscillator type described in this paper 
permits the selection of any desired one of an un- 
broken series of harmonically releted frequencies 
without having the aforementioned disadventazes. 
It consists of two sections: A crystal. oscillator 
operating <t the fundamental to the desired output 
frequencies and an oscillator which is periodi- 
cally phase-controlled by the fundamental oscille- 
tion such that its output frequency spectrum con— 
tains only harmonics of the crystul oscillator 
frequency. Frequencies that are not harmonically 
related to the crystal frequency are not gener-— 
ated. The oscilletor operates simultaneously in 
the range of the desired output frequency and at 
the crystel controlled fumdemental to it. This 
simplifies tue circuitry such that only one 
vacuum tube, one quartz crystél and two tumed cir- 
cuits are required to produce en output spectrum 
of high order harmonics. The spectrum energy is 
concentrated about the harmonic nearest to the 
frequency of the periodically phase—controlised 
oscillator. 


Principle of Operation 


Fig. 1 shows the circuit diagrams of two per- 
jodically controlled oscillators. The oscillatcr 
circuit at the left covers the 20 to 30 me raryse 
The one at the right covers the 
250 to 900 me frequency range in 5 me steps. The 
erystal oscillator sections are of the Miller type, 
having a tuned circuit in the plate and the quartz 
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Fig. 1 - Circuit diagrams of periodically con- 
trolled oscillators. 


crystal connected to grid and cathode. The phase 
controlled oscillator sections are of the Colpitts 
type. The feedback is determined by the electrode 
capacitances of the vacuum tube and the cathode-to- 
plete capacitor. The UHF tenk circuit is parel- 
lelled by a network consisting of the tuned plate- 
circuit of the crystal oscillator section and a 
choke which makes the shunt impedance of this net- 
vork high at the ultrahigh frequencies. The reac— 
tance of the grid capacitor is sufficiently high 
et the fundamental frequency to separate the tank 
circuit of the phase controlled section from the 
quartz crystal. A choke keeps at UHF the gric 
above ground potentisl. It is selectec to be small 
enough to avoid upsetting the oscillation condi- 
tions at the crystel-frequency. The circuit dis- 
grem at the left gives an illustration of a serics 
combination of the parallel-resonant circuits. 


The fundamental requirement for the simultan- 
eous self-excitation of oscillations at two or more 
independent frequencies is that their frequency 
ratio is large enough so that for the operetion at 
each one of these frequencies, all circuits tuned 
to the other frequencies-are of negligible influ 
ence. 


The phase controlled oscillator section is 
tuned to the desired frequency. It is keyed by 
pulses, generated in the crystal oscilletor sec- 
tion. They bias the grid such that the yeneretion 
of oscillations is restricted to tne pulse dura- 
tion, Thus, the pulse repetition intervel is 


divided into a regenerative and a degenerative 
period. During the initiel part of the regenera— 
tive period, the oscillations build up exponen- 
tislly. These oscillations decay exponentially in 
the degenerative phase due to the pulse controlled 
decrease of the transconductance of the oscillator 
tube below the value at which the phase controlled 
section is oscillatory. The time constant of the 
buildup function depends upon the negative resis- 
tance and upon the amplitude of the harmonics of 
the keying voltage in the vicinity of the oscilla- 
tor frequency. 


The operation conditions of a periodically 
phase-controlled oscillator are illustrated by the 
oscillograms of Fig. 2. It shows the output wave- 
forms and 
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PPCO frequency halfway 
between two integral 
multiples of the 
repetition frequency. 


PPCO tuned to an inte- 
gral multiple of the 
repetition frequency. 


Fig. 2 - Waveforms and output spectra of a 
periodically controlled oscillator. 


the frequency spectra of an oscillator which was 
operated in the 5 mc range, in order to remain in 
the amplifier passband of the available oscillo— 
scope. The phase control occurs at the time of 
the voltege step. The time interval between two 
successive voltage steps corresponds to a pulse 
repetition frequency of 100 kc. Tuning the output 
section to an integral multiple of tne crystal os 
cillator frequency, one obteins the oscillograph 
at the left. It shows a faster build-up of the 5 
me oscilletions than in the oscillogram at the 
right which describes the waveform obtained when 
the frequency of the oscillations in the time in- 
terval betvicen two successive voltage steps is 
halfway between the frequencies of the two adja~ 
cent harmonics. If the regenerative veriod is 
sufficiently long, the oscillator amplitude will 
finally be limited due to the nonlinearity of the 
tube characteristics. The amplitude envelope of 
the output spectrum is peaked at the frequency at 
which the oscillator is free-running between two 
successive voltege steps. At the left the spec— 
trum envelope is peaked at a harmonic of the 
keying frequency. At the right the envelope peak 
is loceted between two adjacent harmonics, re- 
sulting in two output signals of similar ampli- 
tudes. 


It is essential that the output wave shape 
be periodic at the pulse repetition frequency. 
Otherwise the output would be that of a carrier 
woich is amplitude modulated with the keying sig- 
nal. If wmder that condition, the UHF oscillator 
is tuned to 499 mc, then its output would also 
contain this frequency. This woulc not give us 
the desired condition where the output conteins 
only harmonics of tie crystel oscillator frequency 
of & mc. Periodicity is most easily obtained if 
the oscillations disappear in the noise level be— 
fore the next pulse arrives. Because of the 
exponential law governing the decay this would re- 
quire a longer duration of the degenerative period 
than, in view of the desired bandwidth limitation 
of the spectrum envelope, is permissible. The 
oscillator may have oscillations of reletively 
large amplitudes st the end of the decay period. 
Their phase-control requires harmonics which are 
large in amplitude compared to these residual os— 
cillations. 


To obtain a minimal bandwidth spectrum, it 
is necessary to make the constant amplitude per- 
iod long compared to the build-up and decay per- 
dods. In this operating condition, most of the 
energy is available et the desired output fre- 
quency; only a negligible part of the energy is 
conteined in the adjacent undesired harmonics, It 
requires extremely steep buildup and decay slopes 
of the output waveform. To shorten the time con- 
stent of the decay, a low circuit - @ is required. 
Periodicelly loading the tank‘circuit with e pulse 
controlled diode, the constant amplitude condi- 
tion can be extended over a large part of the pulse 
repetition period. At frequencies above 500 mc, 
however, little adventage is gained by the use of 
this method because of the lowering of the nega- 
tive resistance during the build-up period and the 
reduction of the tuming range resulting from the 
addition of the diode. 
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Fig. 5 — Output spectra.of a 250 to 500 mc os— 
cillator periodically controlled at 10 mc. 


Typical output spectra of a periodically con- 
trolled UHF oscillator are shown in Fig. 3. They 
are generated by a 250 to 900 mc oscilletor which 
is controlled et a repetition frequency of 10 mc. 
One amplitude envelope is peaked at 300 mc. The 
other spectrum was obtained tuming the same oscil- 
lator to 500 mc. At the lower frequency, the 
circuit-Q and the harmonic content of the keying 
voltages are higher than at 500 mc resulting in 
the reduced bandwidth of the spectrum envelope and 


the increase of the output at the desired frequen— 


cy to about 1 mw. 
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The spectrum envelope is not symmetrical 
about the frequency to which the UHF tank circuit 
is tuned. The unsymmetry is caused by the fre- 
quency variation of the periodically phase con- 
trolled oscillation during the pulse repetition 
interval. Another effect of the frequency varia~ 
tion during the pulse repetition interval is the 
broadening of the envelope peak. It permits an 
increase of the long-time frequency instability 
of the oscillator circuit with little deterior- 
ation of the degree of suppression of the unde- 
sired harmonics. The relative accuracy of the 
output frequency is of course, completely inde- 
pendent of such frequency variations and is the 
seme eas that of the crystal stebilized fundamen- 
tal frequency. 


Restricting the spectrum bandwidth leads to 
increased requirements on the accuracy with which 
. the oscillator has to be tuned to the desired har— 

monic. It is therefore important to know the 
shape of the spectrum envelope between two adja- 
cent harmonics. To determine it, one has to vary 
either the frequency of the phase controlled os— 
cillation while maintaining the crystel frequency 
or one keeps the first one constant and varies the 
frequency of the keying voltage. The results are 
shown in the oscillograms of Fig. 4 obtained with 
an eutomatically scanning receiver which permits 
the display of the input signal on a cathode ray 
tube screen. 


Fig. 4 - Spectrum envelopes observed at differ- 
ent settings of the UHF-oscillator 
tank circuit. 


The X and Y deflection is proportional to the fre- 
quency and amplitude of the signal, respectively. 
The boundary between light and dark is the envel- 
ope which is observed during a sweep of the fund—_ 
amental frequency of approximately 20 ke about 
the center frequency of 10 mc. The oscillogram 
at the left gives the relative amplitude of the 
30th harmonic es a function of the tuning of the 
UHF tenk circuit. When tuming the same oscilla- 
tor about a center frequency of 500 mcs, one ob- 
serves tne envelope at the right. These oscillo- 
grams were obteined at different receiver sensi- 
tivities. At the higher frequency, where the 
energy is distributed over a wider band, the peak 
amplitude is only 1/3 of the amplitude observed 
when the same oscillator is tuned to 500 mcs. 
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During a drift of this oscillator of up to 4 MCS, 
the adjacent harmonics remain practically wm- 
changed in amplitude. 


Frequency Accuracy 


The required accuracy and stebility of the 
phase controlled oscillator section depends upon 
the level of the undesired harmonics that is per- 
missible for a specific application. A detiming 
of the oscillator from the frequency which is equal 
to an exact integral multiple of the fundamentel 
frequency causes a decrease of the amplitude at 
the desired frequency. To keep the adjacent har- 
monics below 1/l10th of the amplitude of the de- 
sired output frequency, the described UHF oscilla- 
tor woul.d, at 300 mcs, have to be eccurate to 
& 750 ke (* 0.25%). In order to maintain at 506 
mec a 20 db suppression of the undesired hermonics, 
one can allow a frequency drift of approximately 
1 me toward the higher frequencies and, due to the 
unsynnetry of the spectrum envelope, of 2 mc to- 
ward the lower frequency side, 


Applications 


This oscillator is of advantage wherever it 
is desirable to generate directly, and without 
selective umplification, frequency components of 
a high harmonic order. For applications as the 
local oscillator of a receiver or the transmitter 
exciter of multichannel equipment, the spectrun— 
envelope bandwidth should be extremely narrow. 
Where the frequency drift of the phase controlled 
oscillator section approaches half the channel 
spacings, these applications may also require 
Special modes of operation. In one operating con- 
diticn, due to a small negative resistance, the 
build-up time-—finction of the output waveform is 
much Longer when the oscillator is tuned between 
two adjacent harmonics compared to this build-up 
fumction at the correct tuning of tne oscillator. 
In the other operating condition, due to a further 
reduction of the feedback, the output waveform has 
a long period of time-independent but strongly 
tuning-dependent amplitude. Under both conditions, 
the amplitude of the adjacent harmonic, toward 
which tne phase-controlled oscillator—section 
drifts, increases very little until the resonance 
frequency closely approswches the frequency of this 
harmonic. Thus the oscillator, while being tuned 
continuously behaves as though it were electroni- 
eally detented. 


To approech the power output of a conyen~ 
tional crystal oscillator, the oeriodically con- 
trolled oscillator has to be followed by one staze 
of selective amplification. The resulting output 
spectrum is diagrammed in Fig. 5. It shows the 
amplitudes of the individual harmonics as observed 
in the output of a one-tube amplifier which is 
coupled to the 20 to 30 me oscillator of Fig. 1. 
The zero db level corresponds to 3 volts on 50 
ohms. This graph demonstrates the major advan- 
tage of the phase-controlled oscillator over con- 
ventional spectrum generators: The undesired har- 
monics are strongly suppressed. 
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Fig. 5 — Output spectrum of a 20-30 me periodi- 
called controlled oscillator which is 
followed by a one-stage amplifier. 


The generation of a narrow band of frequen~ 
cies in which the energy is concentrated, permits 
an extension of the frequency band in which a har- 
monically related frequency spectrum of useful am— 
plitudes may be generated. An experimental model 
of a periodically controlled oscillator has been 
built that covers the 250 to 500 mc frequency 
range in 1 mc steps. Its photograph is shown in 
Fig. 5. 


Fig. 6 - UHF Spectrum Generator, 250-500 mc 
(Experimental Model) 


This spectrum generator consists of a Gen- 
eral Radio Oscillator which has been modified 
by the addition of a 1 mc quartz crystal, a 
plate choke which is self resonant at the cry- 
stal frequency, and a few minor components. It 
was designed for the generation of a narrow-band 
frequency spectrum. As shown in Fig. 7, the 
minimal envelope bandwidth of its output spec- 
trum is much broader than that obtainable at 
lower harmonic ratios. The power output of the 
500th harmonic, 120 mv on 50 ohms, is orders of 
magnitudes larger than that obtainable from other 
harmonic generators of comparable simplicity. 


Fig. 7 -1 mc spectrum of the 250 to 500 mc 
spectrum generator, centered at 500 mc. 
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CITY OF HOUSTON VEHICULAR COMMUNICATIONS SYSTEM 


Robert D. Thornton 
Assistant Supervisor 
Communications Division 
Houston Police Department 
Houston, Texas 


SUMMARY 


This paper is a general description of the 
radio communications system being used by the 
City of Houston, Texas. As early as 1926, the 
first experiments in the use of radio for police 
work in Houston made use of a commercial 
broadcast station, which interrupted regular pro- 
grams when necessary. Today, communications 
and electronic work for most city departments is 
done by this agency, although the division is a 
section of the Police Department. The operation 
of three F. M. transmitters and receivers into a 
single antenna, and the problems encountered 
with intermodulation are outlined. 


AB OPE h 


In August, 1952, the City of Houston com- 
pleted a new Police Administration Building to 
accommodate the enlarged Polce Department re- 
quired by the rapid growth of the city. 


The Department's communications equip- 
ment installed in this building incorporates some 
ideas received from many other similar organ- 
izations. It is not intended at this time to make 
an example of the equipment as the largest or 
most modern in any certain area. Rather, it is 
intended to call attention to the application of 
these ideas to a system which, we believe, 
serves the needs of the city in the best manner 
possible. 


The Communications Division of the Police 
Department in reality serves as the Communica- 
tions Department of the entire city government, 
being responsible for the operation and mainte- 
nance of practically all city electronic equip- 
ment. The main items included are:. three 250- 
watt fixed radio stations; six 50-watt fixed sta- 
tions for point-to-point and auxiliary use; a ten- 
channel radiotelegraph transmitter; 500 mobile’ 
units; television cameras and receivers, and 
quite a few speech amplifier installations. 


The offices, most fixed radio equipment, 
and mobile repair shops are located at the Police 
Administration Building (Fig. 1) near the center 
of the city. This location was second choice to a 
separate building, which might have been situ- 
ated in a less congested place; but the antenna 
was found to give good coverage of the service 
area. 

Advance tests of the antenna site were 
made by using an aerial truck of the Fire Depart- 
ment with a test antenna on top of the 110-foot 
extension ladder. The hydraulic ladder was ex- 
tended and raised after the antenna had been at- 
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tached, making a quick and simple way to place 
the antenna above surrounding objects. Relative 
signal strength in the service area was then com- 
pared with other possible antenna locations. 


The fixed transmitters (Fig. 2) are install- 
ed side by side in a soundproof room adjoining 
the control room, and are visible to the operator 
through a glass wall above the operating posi- 
tions. A primary frequency standard is also 
located in this rodm, for checking the frequency 
meters for the fifteen different frequencies now 
in use. The main stations are in 24-hour serv- 
ice, with dispatchers for the three stations 
located in their respective buildings, namely: 


the Police Building, the Fire Alarm Building, 


and the Water Division Maintenance Building, 


Operating frequencies for the transmitters 
are: Police 156.03 mc; Fire 154.31 mc; and 
Water (or Utilities) 153.41 mc. Their output is 
fed through cavity filters and a three and one- 
eighth inch coaxial transmission line to a single 
antenna with a gain of 6 db, on a 450-foot self- 
supporting tower. 


A self-supporting tower (Fig. 3) was neces- 
sary because the congested area did not permit 
the use of guy wires. The geographical location 
required a design which would withstand a wind 
loading of sixty pounds per square foot on flat 
surfaces. Because of the possibility of hurri- 
canes inthis section and the resulting danger to 
the downtown area should the tower collapse, an 
extra safety factor was necessary. 


Three coaxial transmission lines are in- 
stalled on the tower, allowing two spares for 
auxiliary antennas. It was undesirable to return 
the lines to the base of the tower on the ground, 
since the transmitters are located on the sixth 
floor of the building; so a catwalk was extended 
105 feet from the building roof to carry the lines 
to the eighty foot level. An electrically operated 
"spider" staging unit takes off from this catwalk 
to carry persons to the top of the tower and the 
antenna for maintenance and experimental work. 


The method and problems encountered in 
operating three F. M. transmitters and receivers 
on different frequencies into a single antenna may 
be of interest. Since it was desired to install the 
stations all at one location near the tower, con- 
sideration was first given to the possibility of. 
locating three separate antennas on the tower. 
Tests were made with the antennas mounted six 
feet apart in an equilateral triangle, with the trans- 
mitters working on the frequencies 156.03 mc, 
154.31 mc, and 153.41 mc. Two cavity filters, 
with half db loops, were installed in each trans- 
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mission line in an attempt to prevent excessive de- 
sensitization of any one receiver when the other 
two transmitters were on. The combination of 
frequencies, however, turned out to be just right 
to be wrong! The greatest offender appeared to be 
the third harmonic of 154.31 mc and the second 
harmonic of 153.41 mc, producing an intermodula- 
tion product of 156.11 mc, which was only 80 ke 
higher than the frequency of the receiver operat- 
ing on 156.03 mc. It was seen, that when modu- 
lation of 15 kc was applied to the two transmitters, 
the modulation deviation was also multiplied. In 
one case this amounted to 45 ke and in the other to 
30 kc, with a total product of 75 ke which would 
enter the band-pass of a receiver 80 kc off. An 
additional cavity seemed necessary for the trans- 
mitter producing the interfering third harmonic; 
also, the radiation pattern of each of the three 
antennas was distorted too badly by the other two. 


: Since another cavity must be added anyway, 
‘it was decided to try a single antenna. This would 
allow the use of an antenna with a higher gain and 
should help compensate somewhat for the addition- 
al cavity loss. The intermodulation was reduced 
with the extra cavity, but was still objectionable; 
and the only real correction seemed to be to 
change the transmitter frequencies slightly. This 
was the final solution. The center frequency of 
the 154.31 mc transmitter was moved up by four 
ke and the 153.41 mc transmitter down by four kc, 
producing an intermodulation frequency of 156. 13,. 
which is 100 ke from 156.03. The center frequen-, 
cies of the stations are accurately maintained, of 
course. 


In the control room, the station operators 
are provided with three sets of modulation-fre- 
quency meters and three remote control panels, 
one set for each station. (Fig. 4) This furnishes 
constant monitoring of the dispatchers of the three 
stations and each of the three stations' frequency 
and modulation, as well as making possible the 
dispatching of mobile units on any of the three fre- 
quencies in emergencies. 


A ten-channel radiotelegraph transmitter 
is controlled from the operators main position. 
(Fig. 5)~ Ten fixed frequency and two variable fre- 
quency receivers feed into a switching panel by 
means of which any or all the frequencies may be 
monitored and the beat frequency oscillators ad- 
justed. Any selected signal may be transferred to 
a larger central speaker for easier copying of the 
message. This equipment is for communication 
with the National Network of Police Radio Stations. 


_ The police complaint operators room (Figs. 
4 and 6) adjoins the control room, with a glass 
partition between. A three-channel speech am- 
plifier is used here to furnish police radio calls, 
music or instructions for general personnel, and 
paging information to ninety-six speakers in the 
building. Provisions have been made for eight 
complaint operators to receive emergency tele- 
phone calls for police services, and an electri- 
cally operated continuous belt delivers the writ- 
ten complaint sheets through the wall to the dis- 
patchers' desks in the next soundproof room. 
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Positions are available for two regular dispatch- 
ers and a special dispatcher. (Fig. 7) The spe- 
cial dispatcher may take charge of a group of 
vehicles as might be necessary in emergencies. 
One regular dispatching position handles routine 
calls and the other position takes over whennear- 
by files must be checked for such information as 
persons wanted or license registrations request- 
ed by the officers in the mobile units. 


Voice operated disc recorders are used on 
the Police and Fire Department transmitters to 
record all incoming and outgoing messages. The 
dispatchers announce the time as calls are given, 
in order to establish the time of the call on the 
record; and the records are numbered and dated 
before filing. 


Failures in the main station equipment have 
been infrequent, and mostly due to the great num- 
ber of operation cycles it undergoes. Each 250- 
watt station cabinet incorporates a 50-watt auxil- 
iary transmitter and spare receiver, which may 
be switched into service for use on the channel of 
the larger station while maintenance is performed 
on the regular equipment. Auxiliary power is a- 
vailable from an automatic starting 30 kva natu- 
ral gas driven generator which also furnishes 
power for the exit lights in the building. 


All operating consoles for the radio oper- 
ators, complaint operators, and dispatchers, are 
of standard make unitized construction. Radio 
receivers and amplifiers are mounted in the low- 
er part of the consoles on standard relay rack 
channels, and are accessible from the sides or 
front through clip-on panels. Wiring to the con- 
soles is carried through ducts in the sub floor to 
centralized panels in the wall of the transmitter 
room. 


A closed circuit television system is being 
installed throughout the building. (Fig. 8) It is 
composed of eight cameras and monitors working 
into standard television receivers through use of 
the small built-in oscillators of the monitors. A 
coaxial cable network put in while the building 
was under construction makes possible the distri- 
bution of the pictures to receivers in several key 
offices. (Fig. 9) The television was intended to 
assist the jail guards in preventing trouble be- 
tween prisoners. Microphones will be located in 
places where disturbances may develop, and the 
accompanying camera activated only when the 
guards hear noises of a suspicious nature. One 
of the cameras is a portable unit which may be 
set up where needed, while the rest are mounted 
outside the jail walls viewing the interior through 
plastic panels. No attempt has been made to con- 
ceal them, in fact, their presence seems to be 
effective in preventing trouble between the pris- 
oners, even though the camera may not be in 
operation. At present, the pictures of the cam- 
eras must be switched in the television control 
room when the person watching desires to see the 
output of a different camera. However, in the fu- 
ture, it is planned to make possible switching of 
the receivers by the viewer. It is also anticipated 
that a permanent record of important activity on 
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any of the monitor screens may be made by use of 
a moving picture camera, The sixteen millimeter 
camera will be installed on a track in front of the 
screens, at fixed focus and constant aperture, so 
that it may be moved to any one monitor and oper- 
ated quickly. 


In addition to the regular toll teletype ma- 
chine, a building teletype system allows local com- 
munication between nine offices and several other 
police agencies including Galveston, Texas City, 
the County Sheriff Office and ties in with the Texas 
Department of Public Safety State Network. 


To facilitate speedier communications, main 
offices in the building are connected to the com- 
munications operating room by a pneumatic tube 
system for rapid delivery of messages... An inter- 
office communicating system is incorporated be- 
tween offices and outbuildings to relieve telephone 
congestion. ‘ 


A separate, electrically shielded building 
near the base of the tower houses the Communica- 
tions Division Repair Shops. There are four drive- 
in positions of sufficient size to hold large vehicles 
such as Fire Department trucks. Chain operated 
roll doors close the stalls when necessary. A flex- 
ible pipe for each vehicle allows connection toa - 
suction fan for removal of exhaust gases. Radiant 
heat from hot water pipes in the concrete floor — 
makes the outer working space comfortable in 
most conditions, even when the roll doors are 
open. Work benches are placed at each service 
area and small rolling tables with power connec- 
tions make signal generators and test equipment 
accessible near the vehicle being worked upon. 
Five wood-topped work benches are in the outer 
section where vehicles are repaired and three in 
the inner air-conditioned section where units are 
taken for any lengthy repairs. All working posi- 
tions have power and compressed air connections. 


Most maintenance of mobile radios, except 
routine replacements of tubes and vibrators, is 
caused by the extreme heat of the trunk compart- 
ments and by the twenty-four hour service of the 
vehicles. The shops operate on a unit replace- 
ment system; that is, any mobile equipment re- 
quiring more than a few minutes to service is re- 
placed by a reconditioned spare and the original 
set taken to the inner shop where a more complete 
repair is possible. Repair records are filed both 
by vehicle and radio serial number in separate - 
files, because of the constant change of units from 
one car to another. A parts room with metal 
shelves and compartments which store approxi- 
mately twelve thousand different parts connects 
with the inner shop. 


Only one make of mobile equipment is in use . 
at present, and a mock-up on the test bench holds 
a completely connected unit in a rotating frame so 
that it may be worked upon from any angle. A 
standard automotive-type quick-charger is used 
for six or twelve volt supply to the work bench. 

A pair of six volt wet batteries is floated across 
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_battery of floodlights. 


the output of the charger for better regulation, 
and a red signal light on the control panel indi- 
cates when the panel has been switched for twelve 
volt operation. A four frequency modulation and 
deviation meter is installed on an easily seen 
wall near the test benches. The center frequency, 
modulation and carrier level meters of this in- 
strument have been duplicated with seven inch © 
meters in the outer area of the shop to extend 

the usefulness of the meter. It has been found 
that a test antenna installed outside the shielded 
walls of the building receives nearly the same 
intensity of signal from a set on the test bench 

as from a set ina car in any of the stalls of the 
shop, making it unnecessary to constantly re- 
adjust the r. f. level of the master frequency 

and modulation meter. 


Two communications trucks are in use by 
the Division for field maintenance and special 
assignments, (Fig. 10) The first, a panel de- 
livery truck, is equipped with mobile units on the 
three frequencies, with a control panel and in- 
dicators which enable the driver to switch the 
microphone and the single antenna to any of the 
mobile sets. A rotating loudspeaker mounted on 
the truck roof is operated by a 50-watt amplifier 
with built-in electronic siren. A 110 volt supply 
is furnished by a transformer on the regular al- 
ternating current automotive generator. This 
truck is generally used for maintenance and con- 
struction away from the station, so a set of tools 
and spare radio parts is on hand for placement 
in it upon short notice. 


The second truck is of large, van type con- 
struction with a winch and cable onthe front. It 
serves as headquarters for emergency and dis- 
aster use and was equipped from ideas received 
from this department's experience at the Texas 
City disaster and similar, but smaller, emer- 
gencies. (Fig. 11) A working platform on top 
has mountings for a folding antenna mast and a 
A gasoline driven gener- 
ator installed in the front supplies 110 volt AC 
to a distribution panel for the various outlets. 
Six and twelve volt DC is available for power to 
mobile units which are supplied with crystals 
for emergency operation on most of the public 
safety frequencies in this area. An electronical- 
ly rotated loudspeaker can be used with a 50-watt 
power amplifier for the direction of workers or 
the control of crowds. 


Personnel of the Division numbers four- 
teen, including eleven operator-repairmen, most 
of whom can act as main station operators or 
mobile repairmen, all working forty-hour-per- 
week shifts. All personnel of the Communica- 
tions Division, except the secretary, come under 
the State Civil Service Law which provides for 
many benefits. Sick leave and vacation time is 
accrued each year and may be carried forward 
each year so that a month vacation is possible 
by skipping one year. Longevity pay is given 
after one year of service and longevity vacation 
days after fifteen years. 
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A COMMUNICATIONS CONSULTING ENGINEER'S NOTEBOOK 


Victor J. Nexon 
Microwave Services, Inc, 
New York, New York 


Introduction 


I have been asked to present this 
paper because of the interest of many of 
you in the work, experiences and outlook 
of a communications consulting engineer, 
a man who is engaged by a number of 
communications users, as contrasted to 
the engineer who is employed by one 
manufacturer or user, 


A communications consulting engineer 
may be compared to an architect who by 
definition is one versed in the art of 
building, one who plans or designs and 
superintends construction, and one who 
advises and provides consultation on such 
matters, A communications consulting 
engineer, to be entirely objective in his 
work for the client, must be independent 
in his thinking, unbiased in his recommen- 
dations and should weigh carefully the 
various pros and cons of both the teche 
nical and human engineering problems and 
their solutions, 


Most often, this engineer, in order 
to better his notebook of knowledge, and 
to be of more value to his client, 
associates himself with a group of fellow 
consulting engineers, Such’a group 
should have experience in almost all 
phases of communications, including voice, 
video, telegraph, telemetering and remote 
control forms, employing both electronic 
and non-electronic facilities, such as 
wire, carrier, radio, television - with 
outside plant variations of poles, 
buildings, towers, standby power, etc, 


As a member of such a group I 
should like to discuss some of the notes 
which I have made on experiences involv- 
ing our various services and case 
histories. 


Type of Service 


These involve a wide variety of 
engineering services .in communications 
to meet the requirements of many 
aifferent industries and businesses, I 
am sure that all of us recognize that 
efficient communications are a valuable 
asset to any business, Well planned, 
fully adequate communication facilities 
combined with good operating practices 
promote close coordination and inter- 
linking of administrative, sales, pro- 


duction and other functions, together 


with faster and more effective handling 
of inquiries and orders and the expedit- 
ing of the flow of information in exe~ 
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cution of activities, In short, 
efficient communications are important 
adjuncts to the achieving of better 
operating performance in modern business 
practice. 


A communications consulting 
engineer, knowing that adequate, 
effective communicstions are always of 
vital concern to general business opera-~ 
tions, has the following to say about 
some of his notes, He explains that a 
comprehensive study of the existing 
communications facilities and require-~ 
ments including telephone, teletype, 
stock control, credit systems and the 
like, leading to plans for improvement 
and cost reduction methods, must be made 
before he can answer many of the 
questions put before him, This. study 
will answer questions such as these: 


How can telephone toll charges 
be reduced without restricting 
necessary oral communications? 


When are directly connected 
circuits for telephone, tele- 
graph or teletype, facsimile 
and video interecommunication 
economically advantageous? 


Have the possibilities for 
savings and better service by 
the use of microwave radio 
been explored? 


Are PBX operating expenses 
higher than they need be for 
efficient handling and route 
ing of telephone calls? 


To what extent has automatic 
distribution of telephone and 
recorded message traffic been 


applied? 


How can recording devices 
save money and improve operae 
tions? 


Following the answers to some of 
these questions, the communications con= 
sulting engineer may need to design and 
plan new communications for plants 
offices, stores and warehouses including 
such considerations as: 


Internal dial switching systems 
Printing telegraph arrangements 
Mobile radio telephone systems 
Carrier derived transmission systems 
Public address and paging systems 


Remote control and indicating 
systems 

Closed circuit television 
Inter=plant and inter-office 
communications, using the most 
effective and economical means 
Automatic stock control systems 
Electronic credit checking and 
authorizing systems 


A Case History 


I have in mind the case history of 
a@ communications study we did for a large 
department store in New York and its 
various suburban branches in the same 
area, Briefly, the problem here for the 
communications consulting engineer was 
this: For the past i5 years or so this 
department store, in keeping with move- 
ment of the population to the suburban 
areas, extended its service and sales 
outlets by establishing branches of this 
store in the suburbs, However, the 
store had extended its communication 
service to the suburban stores in a 
rather haphazard way, without taking 
into consideration the specialized 
communication requirements and how they 
could be best met at the lowest cost. 


To properly evaluate this situation, 
it was necessary for the communications 
consulting engineer to familiarize hine 
self with the operations of the depart- 
ment store business, Merchandising, 
purchasing and ordering methods were 
studied, together with an analysis of the 
personnel concerned with these various 
activities in the main store and the 
suburban stores, 


Following a technical and cost 
analysis of the telephone company 
facilities, both within and between the 
various stores, there evolved a number 
of recommendations to improve the 
efficiency of operations through better 
utilization of communications at lower 
costs, We found, for example, that many 
of the tie lines between the various 
stores were heavily overloaded yet there 
appeared to be a sufficient quantity of 
tie lines considering the traffic in- 
volved, After further study we found 
that many of the tie lines were : 
instalied on a one«wway basis, i.e., dial 
out and ring in, A traffic count showed 
that most of the calls originated from a 
point where an operator was nécessary to 
ring in, The recommendations called for 
immediate installation of 2eway dial 
lines with dial out and dial in service, 
The additional cost for this installa- 
tion was nominal compared to the much 
higher utilization factor of 2eway tie 
lines, In another case there proved to 
be too many tie lines for the traffic 
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load and grade of service required, and 
4t was recommended that some of these be 


removed, 


Problems of Right-of-way Companies 


On other pages of the communica- 
tions consulting engineer's notebook, 
you will find frequent comments on the 
popular subject of: "Should a right-of- 
way company such as a pipeline, a power 
or gas utility or a railroad lease its 
communications from a common carrier, or 
should it own and maintain its own 
communications facilities?" In his 
notes on this subject, he will have 
underscored words such as "economics", 
"reliability", "service" and "license 
responsibilities", He will also have 
underscored, "Diagnose this question 
separately for each company's operations, 
Be wary of making recommendations on the 
basis of quick comparisons and outside 
influences". 


Pipeline companies, power companies, 
railroads, highways, toll roads, truck- 
ing firms, etc, are continually being 
subjected to pressure from both sides of 
this argument, It is the role of the 
communications consulting engineer to 
advise, in the interest of his client, 
that an independent and unbiased survey 
and study be made to determine the best 
and most economical means of providing 
the required communications, considering 
both leased and privately owned facili- 
ties and the various combinations of 
both, 


I recall the case history of an 
interesting field physical survey and 
communications study which we did for 
one of the larger gas transmission 
companies, This company was faced with 
the immediate problem of improving both 
its vehicular and fixed telephone 
communications along some 300 to 400 
miles of pipeline operations. Their 
heavy winter season was approaching and 
their existing communication system for 
maintenance and operations was highly 
inadequate, Up to this point it had 
relied upon ordinary long distance tele- 
phone toll service and localized mobile 
ee coverage by leasing common carrier 
un 8. 


Although this type of communications 
meets many needs, it was far from suitable 
for the operations of this particular 
pipeline, and changes had to be made, 
Thereupon the management of this pipeline 
was confronted with a number of questions; 


What type of communications 
will satisfy present require~- 
ments and also look forward 
to future requirements? 


: 
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Considering the fixed tele- 
phone communications required 
and the telemetering and re« 
mote control needed, should 
microwave be planned to 
connect the VHF base stations 
and offices of the pipeline 
or should leased wire circuits 
be used? 


Would it not be wise to have 
a@ combination VHF and micro- 
wave survey to locate sites 
and obtain options, all as a 
basis for making factual com- 
parisons (economic and tech- 
nical) to provide a plan for 
future growth, and to enable 
specifications to be prepared 
and bids to be received on a 
comparable basis. 


After consultation with the pipe- 
lines management, the communications con- 
sulting engineer recommended that the 
best and most logical way to solve this 
problem would be to have an independent 
physical survey performed to locate both 
VHF base stations and microwave stations 


'and to secure options for these sites, 


Following this physical survey in the 
field, a communications study was pere 
formed to determine annual operating 
costs for several different combinations 
of both leased and/or privately owned 
facilities, 


One of the interesting results 
following this field survey and study was 
a 40% reduction in estimated annual 
operating costs for privately .owned 
communications by reason of securing 
advantageous site locations for a com- 
bined VHF and microwave’ system, 


System ee and Construction 

I refer now to another section of 
my notebook, regarding the role of the 
communications consulting engineer in 
doing system engineering and construction 
coordination work, I would like to dis- 
cuss more specifically the subject of | 
microwave communication systems, which 
encompass many of the individual mobile 
and fixed systems in telephony, switch~ 
ing, telegraphy, facsimile, industrial 
control, indication, mobile radio, tele- 


‘vision, etc,,with all their instrumenta-~ 


tion, outside plant facilities and 
purposes, 


Microwave communication systems 


require a considerable amount of planning 


systems engineering and specifications 


writing before construction and licens- 


ing can proceed and contracts be awarded, 
Because of the state of the art, much of 


this planning and system engineering has 
been done in the past by each manufac- 
turer upon receipt of an inquiry from a 
potential user, ‘Considering that each 
microwave equipment manufacturer has 
been doing this work on each inquiry, 
and considering that only one gets the 
sales contract, it has been necessary 
for each manufacturer to make allowances 
for high system engineering costs per 
contract concluded, For such reasons, 
the trend is in the direction of having 
the potential vurar, through his own 
qualified communications engineer, or 
through the outside help of a communica~ 
tions consulting engineer, do his own 
physical survey, economic study and 
specifications so that each manufacturer 


‘can furnish a final proposal bid at 


lesser expense, and reflect this in 
lower equipment bids. 


Likewise, the potential user has 
been benefiting from this proceedure, 
since he does his planning and engineer= 
ing, including physical survey, on the 
basis of evaluating any of the variety 
of commercial] equipments with their RF 
and multiplex pro and cons, Oftentimes, | 
advantages in favor of one or another 
type system will show in the results of 
field survey and frequency coordination 
analysis. 


For reasons of frequency coordina= 
tion, tower problems, site acquisition 
and the FCC construction permits, 
companies are finding it. beneficial to 
follow this plan prior to deciding on 
make of equipment, 


The Role of Manufacturer 


Generally speaking, most manufac- 
turers of microwave equipment do not 
care to be involved in the field cone 
struction work, involving installation 
of equipment: and plant facilities such 
as towers, buildings, standby power, 
roads, fences, etc. Their reasons are 
several: that they need their engineers 
for development work, that the field 
work load is not even, that the overhead 
is necessarily increased in keeping 
qualified crews in readiness, and that 
the cost of administrating field con- 
struction using factory engineers is 
high, 


Therefore there has been a trend for 
the manufacturers to be explicit in their 
equipment specifications and to supply 
sufficient installation instructions, 
together with requirements for towers, 
building, power, etc,, to enable system 
construction and coordination by others 
qualified and experienced in this type 
of work, 


In this connection the communicae 
tions consulting engineer is being called 
upon to perform as the construction 
manager and coordinator and have avail- 
able a construction staff, He is re- 
tained by the user to prepare contract 
specifications, to evaluate the various 
contractors! bids, to make recommenda~ 
tions, and to assist in the purchasing 
of supplies, He then supervises the 
contractor's work, and on completion 
conducts the acceptance tests e all of 
this work being done entirely in the 
sole interest of the user, The con=- 
sulting engineer has the complete 
responsibility for the system performing 
as per the recommended and accepted 
system design and specifications, The 
manufacturers, in turn, assume 
responsibilities for performance of 
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their products in accordance with their 
equipment specifications, 


Conclusion 


In summary, the communications con- 
sulting engineer must keep himself 
abreast of applications data, new 
developments and the statistical trends 
in each user industry regarding the 
economic, technical and other aspects 
of using open wire, cable, VHF, UHF and 
microwave systems, -He also must keep 
himself aware of studies and pending 
decisions by regulatory bodies, together 
with policies and actions of the common 
carriers, ABOVE ALL, TO PROPERLY 
PERFORM HIS SERVICES, HE MUST MAINTAIN 
A REPUTATION FOR INTEGRITY AND UNBIASED 
THINKING, 
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THE OPERATIONAL FIXED MICROWAVE COUNCIL 


Clifton D. Campbell 
Chairman, Operational Fixed Microwave Council 


And 


Joseph E. Keller 
Special Representative 
Central Committee on Radio Facilities 
of the 
American Petroleum Institute 
and the 
National Petroleum Radio Frequency Coordinating Association 


I. The Operational Fixed Microwave Council. A 


Vehicle of Coordination and Co-operation. 


The Operational Fixed Microwave Council, 
which had been in the organizational stage for 
nearly two years, during which time intensive 
study and effort went into this important project, 
became a reality in Houston, Texas, on September 
29, 1954, when delegates from various fields met 
to give their unanimous approval to new By-Laws 
which established the Council. The new Council, 
which during' its developmental phases had been 
variously referred to as the Microwave Frequency 
Coordinating Association and the Microwave Users 
Council, is an inter-service agency established 
to guide the growth of microwave communications 
facilities through cooperative efforts among the 
Safety and Special Radio Services licensees enti- 
tled to use their higher frequencies. Attending 
the Houston meeting were 31 representatives and‘ 


other interested parties from the aviation, petro- 


leum, pipe line, forest products, forestry conser- 
vation, police, railroad, trucking, and power 
utility radio fields and equipment manufacturing 
companies. 


One of the key functions of the new Operational 
Fixed Microwave Council will be the critically 


important job of advising and assisting the Fed- 


eral Communications Commission in the drafting of 


rules to govern development of the microwave bands. . 


Successful accomplishment of this job will be the 
means of forestalling and avoiding impending chaos 
in this field. The new Council, with the unlimited 
opportunities that it makes available to repre- 
sentative members, was acclaimed a means of sal- | 
vation from the haphazard development of the 


. microwave frequency bands among the various radio 


users. Creation of the new Council provides the 
convenient forum which is so greatly needed by 
the various organizations eligible to use the : 
microwave frequencies for operational fixed com- 
munications needs, in order that technical infor- 
mation, mutual ideas, and common problems may be 


_ exchanged. 


The objectives and purposes of the Operational 


‘Fixed Microwave Council, as stated by its By-laws, 


are: 


"(1) To foster the mutual interests of 
organizations concerned with the operation 
or use of operational fixed radio systems 


peay 


in the radio safety, industrial, land 
transportation, marine and aviation radio 
services; 

"(2) STO support and promote the allo- 
cation of microwave frequencies suitable 
and adequate for the use of such opera- 
tional fixed radio systems; 

"(3) To assist member organizations in 
formulating and coordinating views on uni- 
form standards, fair and efficient regula- 
tions and technical developments beneficial 
to utilization of operational fixed radio — 
systems ; 

"(4) To assemble data on microwave 
systems within the operational fixed radio 
service, maintain such information on a 
current basis, and furnish prospective 
users of such facilities with information 
on existing or proposed installations in 
a specified area; and 

"(5) To concern itself with such other 
matters as may be incidental or implied 
in any of the foregoing specified objec- 
tives." 


The Council By-Laws expressly provide that the 
operation, activities and. actions of the Council 
are to be "voluntary and advisory", and that the 
organization is not to act in a representative 
capacity for the members of the Council individ- 
ually. All information and data to be collected, 
compiled, and maintained by the Council will re- - 
late to operational fixed microwave stations, and 
will be available upon request to Council repre- 
sentatives, member organizations, and other con- 
cerns represented by Council representatives. 


Comprising the Operational Fixed Microwave 
Council are organizations, or members of organi- 
zations, who are eligible to use operational 
fixed radio systems and who appoint accredited 
representatives to the Council. Representing the 
petroleum industry, for example, is a designated 
member of the American Petroleum Institute~ 
National Petroleum Radio Frequency Coordinating 
Association; representing the power utility in- 
dustry is a member of the National Comittee for 
Utilities Radio; and representing the railroad. 


industry is a member of the Association of Ameri- 
‘can Railroads, to name a few of the organizations 


--each of whom, in this case, is one which helped 
spearhead the drive toward the establishment of 
the Council--who presently are members of the 


Council. Each member organization is entitled to 
one voting member and a designated alternate. 


Selected as Chairman for a period of two years 
was Mr. Clifton D. Campbell of Humble Pipe Line 
Company, who represents the American Petroleum In- 
stitute. Vice-Chairman L. E. Ludekens, of the 
Southern California Edison Company, and of the 
National Committee for Utilities Radio, and Secre- 
tary L. E. Kearney, representing the Association 
of American Railroads, will also serve two year 
periods as officers of the Operational Fixed 
Microwave Council. 


Among those present at the Houston meeting from 
_which emerged the Operational Fixed Microwave 
‘Council, was Colonel E. L. White, Chief of the 
Safety and Special Radio Services Bureau of the 
Federal Communications Commission, whose coopera- 
tive interest during the two year developmental 
period of the Council, had done so much to foster 
and encourage its growth. Colonel White spoke to 
the group regarding the future of microwave in the 
United States, touched upon many of the immediate 
problems affecting microwave users, and noted par- 
ticularly the strong advisability of the early 
establishment of regular rules for microwave oper- 
ations so that the developmental status of such 
facilities may be removed. It may be said that 
there emerged from the concerted, action of the 
group to which he spoke, the vehicle which offers 


the best assurance for the early establishment of 


microwave rules. 


In connection with those microwave rules, a 
preliminary report on the results of the survey of 
operational microwave was given by Dr. William M. 
Rust, Jr., Chairman of the API's Central Committee 
on Radio Facilities. Speaking of the survey of 
operational microwave, which he had been requested 
to make by the FCC, Dr. Rust said that indications 
are that microwave usage will more than double 
during the next five years. 


II. The Background and Development of the Opera-~ 
tional Fixed Microwave Council: The Enlarging 
Response to an Insistent Need 


Probably a great many of the various groups 
interested in the microwave frequencies had been 
aware of the growing problem in this field, years 
before the Operational Fixed Microwave Council 
became a reality in Houston on September 29, 1954. 
Certainly, various groups within the petroleum 
industry were acutely aware of and were becoming 
increasingly concerned about the chaotic future 
which lay ahead for licensees in the microwave 
frequencies. Accordingly, at the Jure, 1952, 
Annual Meeting of the National Petroleum Radio 
Frequency Coordinating Association, the Chairman 
of that group appointed a committee to study the 
problem of microwave frequency coordination, and 
to report at the next meeting. Careful considera- 
tion ani study of the problem prompted this com- 
mittee to state, in June of 1953, that no success- 
ful plan of microwave frequency coordination could 
be administered effectively by NPRFCA alone, since 
microwave frequencies available to the petroleum 


industry are shared by all other users in the In- 
dustrial Radio Service. The committee therefore 
recommended, inasmuch as an effective coordination 
plan needed to be on an industry-wide basis, that 
other interested organizations such as the National 
Committee on Utilities Radio and the Association 
of American Railroads, be contacted with an eye 
toward forming such an industry-wide coordination 
council. 


Members of the NPRFCA voted to contact all 
interested organizations relative to the eventual 
organization of a "Microwave Frequency Coordina- 
tion Association", and in due time there emerged 
from the three organizations, NPRFCA, NCUR, and 
AAR, a tentative plan designed to provide the 
type of coordination which would enable all users 
in the Industrial Radio Service to participate. 
Not long thereafter, representatives of the three 
organizations met with members of the Commission's 
staff on an informal basis to discuss the feasi- 
pility of putting such a plan into action. FCC 
reaction to the idea was the encouraging expres- 
sion that this would mutually benefit both the 
users and the Commission. 


The Commission's blessing having been secured, 
a steering committee was set up consisting of Mr. 
C. D. Campbell of NPRFCA, Acting Chairman; L. E. 
Kearney, AAR; Dale Schreiner, NCUR; John McKinley, 
NCUR; and Joseph E. Keller, Special Representative 
of the Central Committee on Radio Facilities of 
the API. The steering committee's function was to 
contact all users in the Industrial Radio Service 
who had not already been contacted in order that 
they might be advised of the plan; to solicit and 
maintain interest and cooperation from all indus- 
trial radio users; and to lay the ground work for 
an organizational meeting which would bring to- 
gether interested groups to discuss the common 
problem of microwave coordination and control. 


During this same period of time, the Federal 
Communications Commission, recognizing the need 
for some degree of standardization in the micro- 
wave frequencies, issued a Notice of Proposed Rule 
Making in Docket No. 10500 on May 13, 1953, which 
would have amended its Rules regarding operational 
fixed stations operating on frequencies above 890 
megacycles. Among the comments filed in this 
docket, were those of API's Central Committee on 
Radio Facilities, which recited the diligent work, 
study and concerted action which it had been 
undertaking in the microwave field, in cooperation | 
with other principal user groups. ,An immediate 
need existed, the comments said, for a sufficiently 
high degree of standardization in these bands to 
permit the removal of the developmental classifi- 
cation, and this could be accomplished only 
through the adoption of a complete set of Micro- 
wave Service Rules, rather than the rule making 
proposed under Docket No. 10500, which contemplated 
Microwave Rules that set forth only minimum stand- 
ards. The proposal in Docket No. 10500 was with- 
drawn by the Commission on October 29, 1953, on 
the ground that it appeared desirable to defer 
action until a complete set of Microwave Rules 
could be adopted. 
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While the plans for a coordinating council com- 
posed of various users in the Industrial Radio 
Service went forward, continuing studies were be- 
ing conducted by individual groups. One such 
study resulted in the presentation of a paper be- 
fore the AIEE Fall Geheral Meeting in Kansas city, 
Missouri, on November 4, 1953, by Victor J. Nexon, 
Vice-President of Microwave Services, Inc. The 
paper, entitled “Industry Coordination of Micro+~ 
wave Communication Systems", reviewed the problems 
concerned with coordination of microwave systems 
in the various industrial services in order to ob- 
tain maximum utilization of the microwave spectrum. 
The paper cited the need for industry coordination 
regarding this critical problem, citing as reasons 
there for the already prevalent signs of interfer- 
ence, the lack of any coordination program set up 
to administer in the interest of all users, and 
the huge potential realizable through the use of 
microwave which has been frequently referred to as 
the "last frontier" of unused spectrum space. The 
summary conclusion of the paper was that coordina- 
tion solutions on a beam-wide basis together with 
frequency and band width should be found to pro- 
vide interference-free operation for a maximum 
number of microwave systems in the various areas. 
The single conclusion reached by the study on 
which this paper was based, as well as other indi- 
vidually conducted studies, all pointed to the 
need for an organization such as the Operational 
Fixed Microwave Council. 


With the organizational meeting of industry 
groups interested in private microwave systems 
already in the offing, the FCC directed a letter 
on February 3, 1954, to the Central Committee on 
Radio Facilities of the American Petroleum Insti- 
tute, and to the Radio Electronics Television 
Manufacturers Association, requesting that the 
Commission be furnished with information in con- 
nection with the drafting of proposed Microwave 
Rules and Standards. The job of assimilating and 
preparing the requested information and data is 
still being pursued by these two groups. 


On February 24, 1954, the organizational meet- 
ing of the contemplated Microwave Council was 
held in Chicago. By this time, the name of the 
proposed organization had been changed from the 
Microwave Frequency Coordinating Association to 
the Microwave Users Council. Representatives of 


‘many of the industry groups utilizing the micro- 


wave frequencies in the Industrial Radio Service 
were in attendance. Chief of the Safety and spe- 
cial Radio Services Bureau of the FCC, Colonel Ed 
White, was on hand to assure the group of the Com- 
mission's continued interest in the formation of 
the proposed Council, and to reiterate the need 
for a policy in the handling of microwave fre- 
quencies. Acting Chairman C. D. Campbell outlined 
the proposed plan and stipulated some of the fac- 
tors that have to be taken into consideration when 
selecting frequencies for a new microwave system. 


‘Some such factors, he said, are: 


1. The geographical separation frem exist= 
ing systems on the same frequency; 
2. Antenna patterns, major and minor lobes, 
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size and shape of reflectors, etc.; 

3. Microwave tower stability: How much 
twist due to wind could be tolerated with- 
out interference to other stations. 

4. Any plan to be effective would have 
to be on an industry-wide basis since 
microwave frequencies are allocated on 
a shared basis to nearly all radio serv- 
ices under the Safety and Special Radio 
Bureau of the FCC. 


A draft of proposed By-Laws for the Council 
was presented by the Special Representative of 
API. The proposed By-Laws, which set forth sub- 
stantially the same purposes and provisions con- 
tained in the By-Laws which were eventually 
adopted at the Fall meeting of 1954 in Houston, 
were discussed and tentatively adopted, subject 
to final approval at the forthcoming meeting in 
September of 1954. . The proposed rule making 
under Dockets Nos. 10500, 10797 and 10821 rela- 
tive to proposed standards and rules which would 
affect the microwave services, were discussed; 
Messrs. Campbell, Ludekens, and Kearney, who had 
originally been chosen as acting officials for 
the proposed Microwave Users Council, were for- 
mally nominated and elected to fill their posts 
as Chairman, Vice-Chairman and Secretary, respec- 
tively. 


The successfully conducted organizational 
meeting established and unified a purposeful ny- 
cleus of industry groups. During the months 
following the organizational meeting in February, 
the By-Laws of the tentatively established Micro- 
wave Users Council were circulated and subjected 
to further review and study by the various 
groups. A special meeting was held on June 11, 
1954, in order to review and consider certain 
additions to the By-Laws which had been filed by 
one of the representative groups. At this spe- 
cial meeting a subcommittee was appointed which 
was to receive all comments or suggested changes 
to the By-Laws and to prepare a re-draft of the 
By-Laws for presentation to the entire membership 
of the Council at the forthcoming September meet- 
ing. These proposed amendments were accordingly 
submitted to the entire membership of the Council 
meeting at Houston, and unanimously approved, to 
finally establish the Council under its new name 
of Operational Fixed Microwave Council. 


Official approval of the By-Laws of the Council 
has already been given by the American Association 
of State Highway Officials, the Association of 
American Railroads Communications Section, the 
Committee on Manufacturers Radio Use, the Forestry 
Conservation Communications Association, National 
Bus Communications, National Committee on Utili- 


- ties Radio, National Forest Industries Communica- 


tions, the American Petroleum Institute's Central 
Committee on Radio Facilities, National Petroleum 
Radio Frequency Coordinating Association, the 
Special Industrial Radio Service Association, and 
the American Trucking Association. Tentative 
executive approval has come from the Associated 
Police Communications Officials, Inc. It is ex- 


pected that the American Waterways Operators, who 


under consideration, will officia: - 
By-Laws and formally enter the - 
very near future. 


has the matter 
ly approve the 
Council in the 


Inasmuch as a majority of the members present 
at the organizational meeting have already approv- 
ed the By-Laws, the Operational Fixed Microwave 
Council is presently duly constituted to proceed ~ 
with its objectives as a full-fledged organization 
and plans are progressing toward the establishment 
of a microwave informational exchange service 
whereby microwave users would report all of the 
vital data concerning their systems so that it 
might be plotted on Council maps. It is the sin- 
cere feeling of all of the members of the Opera- 
tional Fixed Microwave Council, and unofficially 
also the feeling of the Commission, that the 
establishment of this Council represents a most 
significant and constructive step toward the suc- 
cessful plotting and efficient utilization of that 
"last frontier" of unused spectrum space--the 
microwave frequencies. 


Prospective microwave users are invited to con- 
sult with the Council on their frequency problems 
so that interference may be avoided and so that 
the most efficient use may be made of available 
spectrum space. The Council organization repre- 
sents the first successful effort ta deal with 
mutual frequency problems at the inter-service 
levels. The Council provides a badly needed 
forum to coordinate the use of microwave frequen- 
cies, to serve as a means of coordinated expres- 
sion of viewpoint to the Commission on microwave 
matters, to provide the Commission with the fac- 
tual data it will need to adopt permanent rules 
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for a microwave service and to eliminate the 
developmental status of the service which exists 
at this time. 


The Council has a challenging future indeed. 
Microwave installations make a vastly important 
contribution to the efficient operation of the 
American industrial plant in time of peace. These 
microwave installations will serve in an even 
more important capacity in the event of another 
national emergency. The work of the Council is 
so important that it merits the cooperation and 
support of all industrial radio users. The pro- 
gress made to date has been most gratifying. It 
foreshadows the even greater accomplishments 
which lie ahead. 


References 


1 Operational fixed station - A fixed station, not 
open to public correspondence, operated by and for 
the sole use of those agencies operating their own 


' radio communication facilities in the Public Safe- 


ty, Industrial, Land Transportation, Marine or 
Aviation Service. 


@ This article is based on informal remarks made 
at the national m&eting of the Professional Group 
on Vehicular Communications of the Institute of 
Radio Engineers by Mr. Campbell and Mr. Keller 
and has been prepared for the official minutes of 
this meeting and for the use of the various user 
groups in assuring a wider understanding of the 
purposes of the Council and its current operation. 


MOBILE RADIO CHANGES THE PACE OF THE NATION 


Merle E, Floegel 
Federal Communications Commission 
Washington, D. C. 


Summary--The purpose of this paper is to direct 
attention to the many uses of radio communication 
systems, some of them unusual and seldom heard of, 
and to show how organizations, through the use of 
radio, are better able to coordinate their activi- 
ties and thus provide a quicker and more efficient 
service to the public, 


INTRODUCTION 


The theme which has been selected for the Fifth 
Annual Meeting: "The Role of the Communications 
Engineer in American Industry" is one which should 
apreal to all of us. I consider it a very good 
topic and a wise choice because I believe that it 
is time for us to pause a few moments and review 
the work that has been done by this hard working 
group of individuals and show how the systems that 
they have designed and installed are contributing | 
to the American way of life. 
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For the past 25 years or so we have heard about 
the very satisfactory results that the police de- 
partments have obtained through the use of two-way 
radio. At the present time the police department 
in every state in the union relies upon radio for 
a large percentage of its communication require- 
ments. All of the large cities and many small 
towns and villages also have their own radio com 
munication systems and cooperate with the state 
police in their day-to-day operations. The use of 
these well organized radio communication networks 
has had a marked effect in the reduction of crime. 
Police radio systems are not used exclusively for 
the apprehension of criminals, however. One of 
the more recent developments is in the regulation 
of automobile traffic along the turnpikes - those 
high speed toll roads that are springing up all 
over the country. The successful operation of a 
modern turnpike would not be possible without ade- 
quate communication. Provision must be made so 
that when necessary the personnel of the entire 
system can be alerted to receive special instruc- 
tions or warnings of adverse weather conditions 
that might result in hazardous driving conditions. 
Communication requirements vary from minute-to- 
minute and hour-to-hour. Some communications must 
be broadcast system-wide while others may be of 
interest to a particular section only, or to the 
officers at one of the interchanges, or to a sin- 
gle patrol car on the highway. Provision must be 
made for the exchange of information between any 
of these communication points. These complex com- 
- munication problems have presented a real challeng 
to the engineers but they are being solved. Mobile 
relay stations operating in conjunction with fixed 
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relay, base, and mobile stations, provide a very 
complete as well as a very flexible communication 
system. Such integrated communication systems 

are also used .-*tensively by other organizations 
which have similar communication requirements. 

One phase of the flexibility and usefulness of the 
turnpike radio system can be demonstrated by the 
following example, In case of an accident on the 
highway the wrecker is promptly dispatched to the 
scene and the road cleared so that traffic can 
move in a normal manner, If ambulances are needed 
they too are dispatched and aid rendered to the in- 
jured. If hospitalization is necessary the ex- 
tent of the injuries is made known to the nearest 
hospital, while the ambulance is enroute, and 
suitable arrangements for receiving and treating 
the patient, thereby, are made in advance, In 
serious accident cases, the few minutes saved ‘may 
mean the difference between life and death. The 
coordinated effort of various groupy of employees 
working together results in quicker and more ef- 
ficient service to the public. 


Doctors and veterinarians, whose practices are 
in remote areas, have found radiocommunication 
systems to be very beneficial in many ways. By 
being able to keep in close contact with his home 
or office, the doctor can proceed with his routine 
calls and yet he can be reached if an emergency 
call is received. In some instances several rural 
doctors have combined their practices and install- 
ed a common radiocommunication system. Coopera- 
tive arrangements such as.this often result in: 
better medical service for both people and live- 
stock and allow the doctors more freedom in ar- 
ranging their daily schedules and save many miles 
of travel. 


In the larger cities the doctors, as well as 
other persons engaged in outside work, can sub- 
scribe to a two-way radio communication service 
which is provided by the local telephone company, 
or other communications common carrier. Some 
companies offer a one way paging service, In the 
latter service two methods of operetion are con- 
monly used. In one, the subscriber carries a 
small battery operated fixed-tuned receiver on his 
person and at designated times he turns it on and 
listens for his name or his number to be called. 
If he is being paged he must call the operator at 
the base station over the land line telephone in 
order to get the complete message. In the other 
method, a special receiver which responds only to 
a particular coded signal is installed in the sub- 
scriber's car. The receiver is left in continu- 
ous operating condition during the time calls are 
expected... If a call is received a metal flag 
pops up and remains in position until manually 


reset. The purpose of the visible signal, of 
course, is to indicate to the. subscriber that a 
call has been received, He then calls his office 
or home in accordance with some pre-arranged plan, 


Fire departments have used radio communication 
systems for many years for dispatching fire-fight- 
ing equipment to the scene of the fire. By being 
able to keep in constant communication with the 
fire house and central headquarters of the fire 
department, the fire chief may dispatch fewer 
pieces of equipment and fewer men on the first 
alarm and then send additional help later if need 
ed. Thus, ladder trucks and other special equip- 
ment may be kept in reserve to be used where it is 
needed most. The first firemen to reach the blaze 
report back to headquarters as to the seriousness 
of the fire. If it appears that the fire can be 
brought under control quickly, fire trucks that 
may have been sent from neighboring districts are 
called back so as to give maximum protection in 
their own vicinity. If all equipment is at the 
scene of the first fire when a second fire is re- 
ported, some of the equipment can be dispatched 
to the second fire immediately without returning 
to the fire house, It has been reported that one 
fire department answered seven alarms before re- 
turning to the fire house. Small easily carried 
transmitter/receiver units, commonly called 
"walkie-talkie" sets are used to great advantage 
at the scene of the fire. Firemen carry these 
units into a burning building with them and re- 
ceive instructions from the fire chief as to how 
to proceed to the source of the blaze and bring 
it under control. In directing the operation of 
the crew, the fire chief can warn them of impend- 
ing danger such as collapsing walls and roofs and 
he sends aid quickly if a fireman is injured. 
Firemen are able to keep the fire chief advised 
of the progress being made and to call for addi- 
tional help if needed. Although it is desirable 
for the fire departments in different districts 
to use separate frequencies for dispatching pur- 
poses, an attempt is usually made to have all 
portable equipment in a particular area operate 
on a common frequency so that the various depart- 
ments can work together when necessary, 


The use of radio in the protection of forest 
lands is gaining in importance. ‘Transmitters and 
receivers are installed at the various lookout 
stations and fire fighters are dispatched as soon 
as fires are detected. In recent years, men and 
equipment have been carried into the area by heli- 


copter or airplane and parachuted to the ground a: 


safe distance from the blaze. The fire fighters 
then proceed the rest of the way on foot. By 
being able to communicate with an observer in the 
air or in the lookout tower they can be kept ad- 
vised of the direction and the rate the fire is 
progressing and thus can prevent themselves from 
being entrapped in an area where escape is diffi- 
cult or impossible. Radio communication permits 
widely separated groups of fire fighters to coor- 
dinate their activities. Men and equipment are 
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shifted around into positions where the need is 
greatest. 


Major airlines depend very heavily upon radio 
for communication -- not only for safety purposes 
but also for flight dispatching and other opera- 
tional communications. Radio communicetion equip- 
ment is installed in ambulances and other emergen- 
cy vehicles for ground traffic control at airports, 
It is used by baggage handlers at the baggage 
transfer point, by the ramp parking coordinator, 
and the maintenance crews. Owners of aircraft 
used for business and pleasure rely upon radio for 
communication with the airport control towers and 
airways enroute stations. 


Motion picture companies have found radio com- 
munication almost indispensable to their opera- 
tions. While shooting scenes inside the studio, 
actors and actresses often have a small receiver 
concealed in their clothing through which they 
receive cues and instructions. When shooting out- 
of-door scenes radio communication plays an im- 
portant part in coordinating the action of widely 
separated groups in timing their appearance before 
the camera with split-second precision. In those 
scenes in which the radio transmitting and receiv- 
ing equipment is used, but must be kept out of 
sight, it has been cleverly concealed in wagons, 
in dummy packing crates, on horses, behind bushes, 
and many other places, 


Nearly every electric power and light company 
and gas company in the country uses radio communi- 
cation in connection with its day-to-day opera- 
tions. In many instances the messages are of an 
emergency nature and concern the dispatching of 
service trucks to repair transmission lines that 
have been damaged by fire, storm, flood, or other 
accident, or to restore service that has been in- 
terrupted for some other reason. Routine messages 
are transmitted to coordinate such construction 
activities as cable laying, wire stringing, and 
pipe laying. 


Radio communication is used by the petroleum 
industry in every phase of the operation — from 
the location of the oil deposits to the trans- 
portation of the finished product. The oil fields 
are usually located in remote areas where regular 
wire line telephone service is impractical to in- 
stall. Nevertheless, reliable communication is 
required in order to keep the personnel at the 
field headquarters office in contact with the 
travelling field supervisor and the crew at the 
well site, Well drilling is a hazardous occupa- 
tion, 
frequently and the services of medical and fire- 
fighting personnel may be required at any time of 
the day or night. Similarly, the services of the 


_Many specialized well service companies may be 


required on very short notice if a well is to be 
saved. Mobile radio communication systems are 

used by the truckers who transport the heavy well 
drilling equipment, by the roving pipeline repair 


Fires, explosions, and accidents occur quite 
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Federal Government inspectors, 


crews, and by the men who patrol and inspect the 
transmission lines from the air. Although it is 
difficult to state any specific amount, it stands 
to reason that the savings that are realized by 
the more efficient operation ultimately are passed 
on to the consumer in the form of lower prices for 
gasoline, oil, and other petroleum products. 


In shipyards radio communication is being used 
by the construction, maintenance and repair crews, 
by crane operators, and by foremen. It is used 
extensively by tug boat operators and has been 
found to be exceptionally helpful in docking 
operations, Docking a large ship is a delicate 
operation and one that must be performed with care 
and precision and often under adverse weather con- 
ditions. If we go back to our school days for a 
few moments we remember the physics prof telling 
us that mass times velocity equals momentum. This 
fact can be clearly’ demonstrated if one will stand 
by during mooring operations and feel the impact 
as a large ship strikes the dock. The ship, while 
moving very slowly, exerts a tremendous force 
against the dock because of the great weight, and 
damage to the ship or the dock is always a threat. 
Without the use of radio, the tug captains rely 
upon whistle or visual signals for instructions. 
These signals merely tell the captain to go or to 
stop and there is a considerable time lag between 
the time an instruction is given and the time in 
which it is carried out. When the tug is on the 
side of the ship away from the dock the captain 
cannot see the distance between the two and the 
tugs must move very slowly so that the movements 
of the ship will be kept under control. With the 
use of radio communication equipment, the tug can 
move much more efficiently as detailed instruc- 
tions can be given, all activity is coordinated, 
and every one knows at all times the relative 
position of the tugs, the ship, and the dock. 
Radio communication between the ship, the tug- 
office, and the tug, also adds considerably to the 
convenience of the operators when a ship is coming 
into port because arrangementa for a tug can be 
made while the ship is still at sea. If a tug is 
not available at the proper time the ship captain 
is so advised and does not bring the ship in until 
he is assured that a tug will be on hand. Radio 
communication also permits the operators at the 
tug office to schedule the operation of their tugs 
so that there is less wasted time. 


Radio communication systems are also playing 
an important role in the preparation of canned 
and frozen food. Take, for example, a food pro- 
cessing plant in an area surrounded by farms, 

The plant depends upon the farms for produce, and 
the farms depend upon the plant for a market place 
in which to sell their crops. Close coordination 
between the two is required -- particularly at 
harvest time, After harvesting, the food is sent 
to the plant where it is first graded as to size 
and quality under the supervision of State and 

If the crop has 
been harvested too soon and is still immature the 
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quality may be affected. Under such conditions 
the farmer does not receive full price for his 
produce. On the other hand, if it is over-mature 
it may not be usable at all. While harvesting on 
a 2A hour a day basis, harvesting rates must be 
changed several times during the day. If the con-= 
dition of the produce can be improved in any way 
the farmer should be notified as quickly as possi- 
ble. During harvest seasons the farmer is usually 
in the field where it is difficult to communicate 
with him, Usually he can be reached by radio. 
Under such circumstances, he may be told by the 
crop supervisor to wait until the crop is more 
mature before sending it to the plant. Or he may 
be advised that the crop is not usable in which 
case he will spare himself the time and the expen 
se of sending a shipment that cannot be used. 
Without the use of adequate communication, diffi- 
culties are encountered in having the food shipped 
to the plant in quantities that can be used. As 
crops in the same general area mature at or about 
the same time there is a tendency for all farmers 
in the area to start shipping at the same time. 
If too much produce is received the processing 
lines are overburdened and the food spoils during 
the waiting period. Some foods are so perishable 
that they will spoil within four hours after har- 
vesting. If the farmers delay the harvesting too 
long the food may spoil in the fields. If ship- 
ments are irregular or too small work schedules 
at the plant are disrupted. 


The use of radio for communication between the 
processing plant, the supervisors, and the trucks 
in the field, provides the close coordination that 
is required. Shipments may be regulated so that 
the food arrives at the processing plant in the 
best possible condition and in quantities that can 
be handled. This results in improved food quality 
for the consumer, a dependable market and top 
prices for the farmer's produce, more productive 
time for the plant, and steady employment for the 
workers, : 

In the transportation industry each passing day 
sees the use of radio communication systems more 
widespread, In many cases the results obtained 
through the use of radio have actually exceeded 
the expectations of the user. For many years, 
taxicab operators felt that a radio system would 
permit more rapid dispatching of the cabs and re- 
duce "dead mileage" because the cabs would not be 
required to return to a call box or some other de- 
signated place after a call has been completed. 
Soon after World War II a few brave souls ventured 
into the unknown and installed experimental radio 
systems. It soon became evident that they were 
correct in their prediction because after the sys- 
tem had been in operation a short time it was 
found that the cabs were being dispatched more 
rapidly and dead mileage was being reduced, Some 
operators claimed that four radio equipped cabs 
could do the work'of five cabs without radio. 
Others claimed even greater improvements. It was 
also found that a high percentage of "lost busi- 


ness" was being recovered. Lost business is a 
condition which is brought about by the inability 
of the dispatcher to get a cab to a prospective 
customer within the time in which the said custom- 
er is willing to wait. Some people are more impa- 
tient than others, of course. It has been said 
that the patient ones are those who will wait ten 
minutes, An increase in new business was noted 
also because, as service improved, more people 
‘began to rely upon the taxicab'as a means of trans- 
portation. 


Radio communication has also found a place in 
the operation of the large inter-city buses. . One 
of the most exasperating problems for the bus 
operators to solve is that of having the right 
number of buses at the right place at the right 
time. People's travelling habits are rather un- 
predictable and it often happens that a large 
group will arrive at a bus station and expect 
transportation at a time when only one bus has 
been scheduled for the trip, or conversely, a 
large crowd is expected and several buses provided 
but only a few people decide to ride the bus on 
that day. Holiday traffic is particularly diffi- 
cult to estimate; but, with a radio system the 
dispatcher can be in constant communication with 
the drivers on the buses as well as with the 
ticket sellers at the terminals along the way, and 
he can be kept advised as to the number of passen- 
gers on each bus and the number of passengers wait- 
ing at each stop. If extra buses are needed, they 
often can be dispatched in time to meet the sche- 
dule and the passengers accept the additional 
facilities as a matter of course and without rea- 
lizing the planning and coordination that was re- 
quired to provide the extra service, 


Operating conditions are somewhat different in 
an urban transit system. There seems to be no 
benefit in equipping the street cars and buses 
used in a city transportation system with radio 
because these vehicles operate over much shorter 
routes and any unusual traffic conditions are 
quickly noted. Therefore, the radio communica- 
tion equipment is usually installed in the street 
supervisors' cars and in the maintenance vehicles. 
Reports of any difficulties are given to the dis- 
patcher and then relayed to the supervisor in the 
area of the trouble. He takes steps to restore 
the service to normal as quickly as possible. If 
a street car or bus is involved in an accident he 
can advise the dispatcher as to what equipment is 
needed to make the necessary repairs or remove the 
vehicle from service. Close coordination with the 
local police and fire departments is often very 
necessary and is made possible through the use of 
the radio system. 


Radio is finding a well earned place for itself: 
in connection with the operation of railroads. 
Many hours of time and many miles of walking are 
saved every day thru its use, Freight trains are 
made up in the railroad classification yards but 
before a train pulls out each car must be checked 


carefully to see that all cars that are scheduled 
to be in the train are actually there and that 
there are no extra cars. Before the use of radio 
was employed in this operation, a car checker 
would walk along the track and write down the num- 
ber of each car in the train as he passed it. This 
work was particularly difficult in stormy weather. 
Then after he had finished, he walked back to the 
yard office and checked his list against the of- 
ficial list. If the two lists did not agree 
exactly -- say, for example, in his list two digits 
of the number for one of the cars were transposed—— 
then he went back until he found the car in ques- 
tion and verified the number. If the wrong car 
was in the train it had to be replaced. But if he 
had made a mistake in copying the number — and 
the right car was in the train -- then the time 
spent in this checking operation was not very 
productive, This job can be done much quicker and 
easier with radio, The car checker straps a 
walkie-talkie unit on his back and as he walks 
along the track he reads off the car numbers into 
the microphone and at the same time the attendant 
in the yard office checks the official list of 
cars and numbers. If a discrepancy is noted the 
attendant interrupts the car checker immediately 
and they work together in determining its cause. 
Radio communication equipment is also used exten- 
sively on switch engines for speeding up switching 
operations. Many trains are now running on very 
tight schedules and when there is a break-down of 
equipment, repairs must be made quickly. Here is 
one example of how the use of radio prevented 

what may have been a serious accident and at the 
game time saved an appreciable amount of operat- 
ing time. As a freight train passed a wayside 
station, an employee noticed that one of the tank 
cars had a "hot box" and was on fire. A hot box 
is caused by insufficient lubrication of the axle 
bearings and if not corrected may result in a 
frozen bearing which could lead to derailment of 
the car, A fire on a tank car is particularly 


- dangerous because there is always possibility of 


an explosion. The employee recognized the serious— 
ness of the difficulty and called the conductor on 
the train, by radio, and told him of the trouble. 
The train was stopped and, while the fire was 

being extinguished, he contacted the engineer on a 
switch engine to follow the train to the next turn- 
out and remove the defective car. When the train 
started again it proceeded slowly and by the time 
it reached the turnout the switch engine had 

caught up and the defective car was set out on the 
siding. The entire incident caused only a few 
minutes delay. 


Radio communication equipment is installed on 
vehicles used in connection with the maintenance 
of buildings and grounds at the large universities, 
in orchards, and cemeteries, on ranches, golf 
Courses, and hunting clubs; it is installed on 
lift trucks used for materials handling in ware- 
houses, factories, and refineries; it is used by 
a few drive-in restaurants for relaying orders 
from the car-hops to the kitchen; used by detec- 
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tive agencies in the protection of life and pro- 
perty; it is used in the construction and mainte- 
nance of telephone lines; it is used by radio 
consulting engineers when adjusting the radiation 
pattern of a directional antenna array; it is 
used by plants operating induction heaters while 
measuring the extraneous radiation field. 


Its use has also invaded the advertising busi- 
ness. No longer is it necessary for a skywriter 
in a single airplane to slowly trace out his mes- 
sage in the sky. Instead, seven planes fly at 
uniform speed in strsight line formation -- one 
alongside the other, Block letters are made by 
releasing puffs of dense white smoke from one or 
more planes at proper intervals, The letter "I", 
for example, is made by releasing a puff of smoke 
from each plane at the same time, The valves in 


the smoke chambers are controlled by coded signals 


which are transmitted by radio from the command 
plane,\ usually the center one of the seven, A 
separate signal automatically controls the valve 
in each plane. 


Improvements in the design and construction of 
radio communication equipment are being made con- 
stantly. Transmitters and receivers are made 
smaller, lighter, more reliable, and more effici- 
ent. Simultaneously, more people are learning 
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that their communication problems can be solved 
through the use of radio, in fact, the list gets 
longer every day. Mobile radio communication is 
considered by many to be a tool of industry. If 
this is true, then it is the responsibility of the 
communications engineer to provide a tool that 
will work, In my opinion, the most important 
role of the communications engineer in American 
industry is that of designing a radio communica- 
tion system that will assist in coordination the 
activities of an organization and thereby reduce 
the non-productive time to a minimum. From the 
foregoing, it is evident that he has established 
an enviable record. It is not possible to follow 
the trail of events in the history of radio "from 
galena to germanium" without coming in contact 
with the work of the communications engineer at 
every turn of the road, 
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THE CHALLENGE OF 6 AND 12 VOLT VEHICLES 


Kenneth E. He Backman 


Motorola, Ince 
Chicago, Illinois 


Ie Introduction 


The theme of the Fifth Annual Meeting of 
the Professional Group on Vehicular Commmica- 
tions, that is, "The Communication Engineers' 
Role in American Industry" is, I believe, most 
apropos, 


The challenging tasks brought about by the 


ever changing and increasing operational require- 


ments of communications equipment, the tighten- 
of specifications due to increased VHF channel 
utilization, must be anticipated and promptly 


resolved in order to maintein a position of prom- 


inence and integrity in a growing competitive 
industry 


. The subject which I have chosen today is a 
typical example of the engineers' role in indus- 
try, namely solving the communication equipment 
problems brought about by the introduction of 
the 12 volt electrical system in the automobile 
industrye 


II. Need For a 6/12 Volt System 


The problem originated in 1953 when the 
first mass produced automobile with a 12 volt 
electrical system was introduced. True, there 
were numerous other trucks and vehicles with 12 
volt systems already in existence but none were 
in such mass quantities as to cause an inter- 
changeability problem in radio equipped fleetse 
Upon first hearing of the proposed change to 12 
volts, it was apparent that we had a laborious 
task ahead of use 
with the utmost speed to be prepared to meet the 


problems and inquiries which we visualized arriv- 


ing from the customers in bushel basket loadse 
Even so, the problem was not as simple as it 
appeared to be on the surfaces 


To supply the field with information and 


parts necessary to convert existing 6 volt equip- 


ment to 12 volts was not sufficient, for some 


customers would need to retain interchangeability 


in order to maintain an economic system. This 

would not be possible if half the equipment was 
6 volts and half 12 volts. Also, any new equip- 
ment would not only have to be capable of opera- 
tion from 6 and 12 volt systems but also would 

have to be capable of working with any of its 6 
or 12 volt. predecessors. 
were concerned, this was a muste 


It was imperative that we move 


As far as the customers 
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In order to determine if we had our sights 
properly aimed, we attempted to ascertain from 
the various automobile manufacturers what the 
future picture was with respect to 6 and 12 volt 
systems. Unfortunately we had hit upon a top 
secret question. They were absolutely non- 
committal. It was impossible to establish wheth- 
er or not any trend was going to be created by 
the new 12 volt automobile. To insure ourselves 
against possible future problems, and to fully 
protect our customers against obsolescence, it 
was obvious that our new equipment was going to 
have to be completely inter-changeable, without 
modification, between 6 and 12 volt vehicles. 


Since the early days of this problem, our 
efforts have been shown to be well justified, for 
at the present time, five different standard 
makes of automobiles are equipped with 12 volt 
systemse Next year the new. system will make its 
appearance in several more brands, including the 
so-called low price three, and ‘indications are 
that an additional number will join in the follow- 
ing yeare 


III. Philosophy of Approach 


Once we had established the basic require- 
ments of our new "6/12" equipment, it was necess- 
ary to adopt some philosophy as to the manner in 
which the end result was going to be achievede 


To protect the equipment against unnecessary 
dangers because of human error, it appeared de- 
sirable to have no internal jumper or component 
changes required when moving a set from vehicle 
to vehicle. The requirements of emergency fleets 
such as police and fire departments, further pre- 
cluded the use of internal changese Since the 
6/12 feature was not required by all customers, 
it had to be accomplished at a minimum extra cost, 
which further meant that a minimum of extra parts 
and components could be usede As drain was also 
of primary importance, no waste of power could 
be tolerated. 


With these goals in mind, some months were 
spent on the project before a scheme was devised, 
which necessitated the use of a vibrator consist- 
ing of two independent interrupters within a 
single envelope, but driven by a common driving 
coil. We referred to it as a "splitereed" vib- 
ratore We then had to call upon the vibrator 
manufacturers to develop such a devicee This 


basic vibrator was not new but a suitable vibra- 
tor had never been developed for an application 
such as ours. This, of course, meant months of 
development. The first completely interchange- 
able 6/12 volt set was delivered early in 1953. 
It could be moved from a 6 volt car to a 12 volt 
car or from a 12 volt car to a 6 volt car without 
any changes to the equipment. Original installa- 
tion required that the 6 volt car have a 6 volt 
cable and the 12 volt car have a 12 volt cable, 
but this was no problem since once the cable kit 
was installed in the vehicle, it usually became 
a permanent fixture. The radio sets could then 
be freely switched around as necessitated by 
maintenance, vehicle breakdowns, and the like. 
Current cable kits are designed to be interchange- 
able between 6 and 12 volts. : 


The basic circuit of the new 6/12 wlt wit 
consists of a power transformer with two separate 
6 volt vibrator primary windings. Each winding 
has its own independent reed, but the two reeds 
are ganged together so that they are always op- 
erated in synchronism. This arrangement permits 
operating the windings either in series or in 
parallel as required. The proper connections are 
determined in the primary power plug (Fig. 1). 
Assume that the vibrator reed in Fig. 1 is in the 
upper position. With a 6 volt primary source 
as shown, the instantaneous input currents will 
be in the directions indicated by the solid ar- 
rows. Separate currents will be fed from the 
battery to the two primary windings, but each will 
be in phase, aiding. The same action will take 
place when the reed is in the lower position, but 
the currents will be through the lower halves of 
the windings in the reverse direction. The fila- 
ments, relays, and other 6 volt elements are con- 
nected in a series-parallel, 6/12 volt arrange- 
ment with a common bus in the center. When oper= 
ating from 6 volts, the two outer buses are 
grounded and the center bus is fed directly from 
the battery. 
ly grounded but the top bus is grounded in the 
power pluge 


When a 12 volt cable is connected to the 
systems, the upper and lower primary windings are 
placed in series by the jumper across pins 2 and 
3 in the power plug. If the reed is again in the 
upper position, the primary current will now be 
in the direction indicated by the dashed arrows. 
The current is still, however, in the same direc- 
tion through each winding, that is, in phase, 
aiding. Also, since the 12 volts input is divid- 
ed equally across halves of both the upper and 
lower windings, each half will still be operating 
from 6 volts and the same number of ampere-turns 
will exist, producing the same secondary voltage. 
The 12 volt input is also connected to the top 
bus of the filament and relay arrangement supply- 
ing power to all the 6 volt elements. The center 
bus is connected to the center junction of the 
two transformer primary windings. This connection 
offers a very distinct advantage. With the wind- 


ings connected in series, the unit acts as an auto~ 


Note that the lower bus is permanent- 


transformer in much the same manner as a 12 to 6 
volt converter, producing 6 volts at this junction. 
It is therefore not necessary to have a balance 
between the 6 and 12 volt sides of the filament 
arrangement. Any unbalance current will be 
supplied by the autotransformer action of the 
primary windings. This means that power wasting 
voltage dropping resistors are no longer needed 

in series with the odd tubes and relays. Further- 
more, tube life and reliability is increased as 
the heater voltages remain balanced under all con= 
ditions of operation. Note also that the vibrator 
driving coil is connected between this junction 
and ground. Since this bus is always at 6 volts, 
it is possible to use a 6 volt vibrator for either 
6 or 12 volt operation. 


Another inherent and desirable feature of the 
system is that the two vibrator halves share the 
heavier current load on 6 volts, while on 12 volts, 
which is more difficult to commtate because of 
arcing problems, the contacts form a double break 
circuit, thereby affording longer vibrator life 
for either application. With this new equipment, 
vibrator life upwards of 5000 hours may be re- 
alized. 


For higher powered transmitter application 
where one vibrator would be inadequate, two vib- 
rators and transformers are used. Each vibrator 
operates indépendently of the other with its ow 
transformer, and the higher output voltage is ob- 
tained by adding the tw rectified output voltages 
from each transformer circuite 


One of the more fascinating aspects of the 
system is that the 6/12 volt feature has been 
accomplished with practically no addition in coste 


This new 6/12 equipment has now been in mass 
production and in the field over a year and a half, 
and has been accepted with much enthusiasm. 


Recently we had the pleasure of announcing a 
new addition to our 6/12 volt line of equipment - 
a 6/12 volt dynamotor power supply. Connections 
and intercabling to this mit are identical to 
that of the vibrator power supply and the two are 
completely interchangeable. 


One of the features of the dynamotor power 
supply is a dual output dynamotor - a high volt- 
age output for the final amplifier stage and a 
lower voltage output for the remaining transmitter 
stages. This eliminates the need of large power 
wasting resistors and makes it possible to have a 
60 watt transmitter with less than 50 amps battery 
draine 


Unfortunately, the development of the new 
"6/12" line did not bring us to the end of our 
problems for in addition to producing the new 
equipment it was also necessary to provide a solu- 
tion for the customer who already had 6 volt radio 
sets and was replacing some of his older vehicles 
with 12 volt carse What was he going to do with 


his radio equipment? For the individual who had 
only one or two radio equipped automobiles to be 
concerned with, it appeared the simplest and most 
economical solution was to actually rewire his 
equipment for 12 volt operation. 


To assist the customer with such modifica- 
tions, we provided field conversion instructions 
and partse In many cases this field modification 
was quite simple and required but a few resistors 
and capacitors,as major items such as transformers 
were already designed for 12 volt operation. 


For larger operations involving fleets of 
radio equipped vehicles, rewiring was not a prac- 
tical solution, for here interchangeability be- 
tween the different vehicles of the fleet was 
desirable. In answer to this problem we develop- 
ed a 12 to 6 volt converter. (Fig. 2) 


This was a compact, highly efficient wit 
which could be mounted alongside the radio set 


6 VOLT 
POWER 
CONNECTIONS 


‘Fig. 1 - The 6/12 volt system. 


and would permit the fleet operator to use stan- 
dard 6 volt radio equipment throughout his mixed 
fleet of 6 and 12 volt cars. Thus the inter- 
changeability and flexibility required in larger 
systems is retained. The necessity of extra spare 
or “emergency" units is eliminated. To assist 
the customer who proposes to expand his fleet or 
radio system, cable adapter kits have been made 
available which permit him to use new 6/12 volt 
equipment interchangeably with his old 6 or 12 
volt equipment. 


So, summarizing briefly, we find the new 12 
volt systems should really be no serious cause 
for alarm. Whether you are using older equipment, 
buying new equipment or mixing fleets, there is 
an engineered solution for every mobile radio 
installation or modification. The owner of ad- 
vance designed equipment is protected against 
obsolescence. This is a part of the commnica- 
tion engineer's role in American Industry. 


DESIGN, INSTALLATION AND MAINTENANCE OF 1,000 UNIT BASE-MOBILE SYSTEM 


Jerry S. Stover 
‘Communications Engineering Company 
Dallas, Texas 


At our banquet last night, Mr. W. D. Owsley 
of the Halliburton Oil Well Cementing Company ad- 
dressed us on the subject, "The Importance of 
Fast Commmications in the Petroleum Services", 

He discussed, from the management's viewpoint, the 
very large radio system operated by the Hallibur- 
ton Company--comprising approximately 100 stations 
and 1,200 mobile units. The company I represent, 
Commmications Engineering Company, was privileged 
to install and is now maintaining approximately 90 
of these stations and 1,100 of the mobile units, 


Because it is a widespread system, extending 
from the Canadian Border to the Gulf of Mexico, 
from Michigan to California, the problems encoun- 
tered in its design, installation and maintenance 
may be representative of others in a similar ser— 
vice. While in general the technical installation 
and operation of this system is routine, I would 
like to describe a few features which may be of 
interest. 


When I was first invited to deliver this 
paper, one of your Committee suggested the title 
be "Ten Problems and Ten Solutions", It was flat- 
tering to say that we had as many solutions as we 
had problems! I can assure you there were far 
more than ten problems and, furthermore, we do nct 
yet have all the solutions. 


A BIG PARTY LINE 


A single base-mobile frequency--49.74 mc—is 
used throughout the Halliburton system. As you 
can imagine, this is quite a party line! All 
transmitters are adjusted for a maximum deviation 
of plus or minus 6 kc and all receivers are of the 
narrow band 20 ke type. When the present 40 kc 
channels are halved, no modification or adjust- 
ments will be required. All mobile transmitters 
and 64 of the base stations have 60 watt output 
and the remaining 42 base stations have 250 watt 
output. - 


/ 

The most important consideration in the de- 
sign of any oil field system is to determine first 
the operational requirements. This may sound 
academic but it is absolutely necessary that the 
information be obtained in the field at the Divi- 
sion or District offices. The main office may 
have a general idea of the area of operations but 
quite often they are not as familiar with the 
day-to-day operational requirements for coverage, 
nor are they always familiar with the current 
trend, which mist be‘ kept in mind so that future 
requirements, as the oil field expands, are 
fully met. The Halliburton system was not all 
installed at one time. Installation took place 
over a period of approximately three years, 
usually on a Divisional basis. When designing 
the system for a particular Division, it was nec— 
essary to take into account the future systems of 
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adjacent Divisions. This was necessary so that 
when these adjacent Divisions were installed a 
year or so later, major changes would not be re- 
quired in the movement of towers, stations, etc. 
that lay along the boundary lines between the 
Divisions. 


BASE STATION NOISE LEVEL 


Wherever possible, base stations were placed 
at locations that had an ambient noise level of 
less than one-half microvolt as measured at the 
receiver input. A location would usually be 
designated satisfactory if no noise source exceed- 
ing one-half microvolt was found within a one-half 
mile radius of the proposed tower site when sur- 
veyed with a calibrated mobile receiver, The 
noise level at the tower site, when measured on 
the ground, is not indicative of the noise level 
that will prevail when the antenna has been 
placed on a 200' or 300! tower overlooking a much 
greater area of potential noise sources, hence 


_ the need for checking some distance from the pro- 


Jf 


posed tower site, 


In general, the Halliburton camps, like many 
oil field service company camps, are located near 
highways to facilitate movement of their heavy 
vehicles. Excessive noise from traffic or high- 
lines along the highways quite often precluded 
the use of camp locations for stations except 
those that required a very limited coverage. In 
many oil field areas, the telephone line facili- 
ties for remote control of base stations are 
extremely limited and it was necessary to use 
radio relay for control purposes. 


With the factors of noise, CAA restrictions, 
available phone lines, property, etc., affecting 
the final selection of a site, it is obvious that 
compromise often was necessary. Wherever possible, 
however, the last item to be compromised was the 
noise level at the base station. 


250 WATT vs. 60 WATT BASE STATION TRANSMITTERS 


If care has been taken to select a quiet base 
station location, the commmication range normally 
will be limited by the so-called "talk out" range 
of the base station transmitter wless its power 
has been increased to compensate for the noise 
level prevailing at the mobile location. 


Experience has shown that the noise levels 
prevailing at a properly sited base station and at 
the mobile unit are seldom equal in any Service, 
particularly the Petroleum Service. As mentioned 
a moment ago, wherever possible, base stations 
were located so that the over-all noise level was 
one-half microvolt or less. Experience shows that 
the noise level in mobile units traveling along 
highways is at least twice that of well selected 
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THE MEASURED HORIZONTAL RADIATION PATTERN IN 
RELATIVE VOLTAGE IS SHOWN COMPARED TO RANGE 
PATTERN IT DEVELOPS ON "TALK BACK" FROM 50 
WATT MOBILE UNIT, 50 mc, 1.5 MICROVOLTS INPUT 
TO STATION RECEIVER. ANTENNA HEIGHT 200 FT., 
NORMAL CONDITIONS. 


COMMUNICATIONS ENGINEERING CO. 
DALLAS, TEXAS 
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base station locations. This condition is not 
improved at many oil well locations, The 2:1 
ratio of noise voltage means approximately four. 
times as much power is needed at the station. 
Thus, 250 watt stations for 60 watt mobiles— 
where maximum ranges must be covered. 


Therefore, with a minimum differential in 
noise level of approximately 6 db, a 250 watt 
transmitter is desirable when the station must be 
operated at extreme ranges, once an economical 
tower height has been reached. 


In general, until a tower height of approxi- 
mately 160* has been reached, it is more economi- 
cal to improve coverage by raising the tower 
height. This improves the talk-back as well as 
the talk-out range. However, once this tower 
height has been reached, the 6 db improvement can 
be more economically attained by increasing the 
base station transmitter power rather than by 
doubling the antenna height. 


BASE STATION ANTENNAS 


Base stations are seldom in the exact geo- 
graphical center of the area to be covered. When 
the base station is "off center" a directive ant- 
enna may be used to alter the shape of the radia- 
tion pattern (for both receiving and transmitting 
The circular pattern of a non-—directive coaxial 
or ground plane antenna may be changed to a pat- 
tern that more nearly fits the area of desired 
coverage. Approximately 30% of the antennas used 
in the Halliburton system were some form of dir- 
ective antenna. 


The use of directive antennas has several 
advantages: 


1. It increases the signal strength over the 
desired operating area to provide greater 
reserve, thereby eliminating "dead spots", or 
it will permit a lower antenna height to be 
used for a given range. The use of a low 
antenna height reduces the cost of the ant- 
enna towers and may permit a station to be 
installed and operated at a location where 
CAA would not permit a higher tower. 


2. Directive antennas can be used to reduce 
interference between users on the same 
channel or, in the case of the Halliburton 
system, they were used to reduce interfer- 
ence between adjacent operating Divisions. 


3. In some instances, where the dominant noise 
source at a "noisy" location was from a dir- 
ection substantially different than that of 
the desired operating area, the antenna dir- 
ectivity can be used to favor the signal and 
discriminate against noise. 


In determining locations where the directive 
antennas could be used, it was necessary to use 
extreme care in laying out the operating area. 
Also, it was necessary to translate the patterns 
of the antennas into terms of range. 


The usual pattern shown in values of rela- 
tive power-relative voltage makes the antenna 
look very directive which in turn makes the range 
leok attractive in the major lobes and poor in 
other directions, However, because the range of 
a system does not vary directly with the voltage 
or power of the system, the "nulls" and 'lobes" 
of an antenna pattern are smoothed out when the 
pattern is translated into the terms of range. 


Figure 1 shows the conventional figure eight 
pattern of a bi-directional antenna, which was 
used at a number of Halliburton locations. This 
drawing shows both the radiation in relative 
voltage (inside curve) and coverage pattern (out- 
side curve) when translated into terms of range 
at an antenna height of 200! with a 50 watt 
mobile unit and a talk-back signal strength of 
1.5 microvolts, Note how the figure eight volt- 
age pattern is changed to almost a rectangle in 
terms of actual operating range. 


In addition to use of directive antennas, 
special sidemount antennas were used. Because a 
high tower is one of the major items of expense 
in a system, arrangements were made, wherever 
possible, to mount antennas on existing towers of 
either other mobile systems, TV or broadcast sta-— 
tions, etc. 


Properly designed directive antennas will 
not be materially affected by mounting on the 
side but conventional omni-directional antennas 
may have their radiation patterns seriously 
changed due to nulls in the horizontal or verti- 
cal plane, resulting from shielding or re-radia- 
tion from the metal tower structure. To overcome 
this problem, antennas were developed which con- 
sisted of folded dipoles fed in phase with inte- 
gral mountings to keep them at fixed distances 
from the tower. The dipoles are staggered verti- 
cally on opposite legs so as to effectively pro- 
duce a circular horizontal pattern. (See Figure 
2). 


ANTENNA APPLICATIONS 


At Harvey, Louisiana the only location avail- 
able by phone lines was limited by CAA restrict- 
ions to a maximum of 180' of tower height. Cover- 
age was desired to cementing boats operating at 
the mouth of the Mississippi River approximately 
90 miles south. Two six-element antennas fed in 
phase, having an over-all gain of approximately 
13 db, were used for coverage to the south, In 
addition, a single ground plane antenna was mount— 
ed at the top of the tower which, with a second 
receiver and coaxial relay on the transmitter, 
provided general coverage from this same station. 


A similar installation was made at the Tioga, 
North Dakota station, except that a single six- 
element antenna having a power gain of 10 db was 
used to provide coverage to mobile units near 
Wolf Point, Montana, and a sidemount antenna con— 
nected to a second receiver was used for general 
coverage. In both systems it was found operation— 
ally desirable to have two separate control units 
with two microphones so that the operator picking 


up one microphone automatically transferred the 
antenna and muted the other receiver, Hanging up 
the microphones restored both receivers to full 
operation. 


was made 
for remote 


A special use of directive antennas 
at Newcastle, Wyoming. Telephone lines 
control were not available and 100' due east of 
the Halliburton camp, where their 49.74 mc station 
was to be installed, was a station we had install- 
ed earlier for another company on 49,90 mc. Even 
with 60 watt transmitters, it was obvious there 
would be serious interference between the two sys- 
tems due to transmitter radiated noise, Fortunat- 
ely, the primary oil activity in this area was to 
the southwest and although both companies did re- 
quire limited coverage in other directions, the 
maximum range needed was to the southwest. Leav—- 
ing the other company's antenna non-directive, a 
special three-element Yagi was built for the 
Halliburton installation. This antenna when 
oriented to give maximum coverage to the southwest 
had a null of 30 db exactly in line with the other 
company's antenna. This attenuation was suffi- 
cient to effectively eliminate any interference 
between the two systems. 


Halliburton's camp at Sterling, Colorado must 
provide service to a very large area of northeast-— 
erm Colorado and southwestern Nebraska. To pro- 
vide the necessary radio coverage it was necessary 
to use two base stations remotely controlled by 
radio relay from the Sterling office. One base 
station was located approximately 40 miles west of 
Sterling with a three-element antenna having 6 db 
gain toward the northwest. A second base station 
was located approximately 20 miles north of Ster- 
ling with a bi-directional antenna to provide cov-— 
erage to the south and as far north as Sidney, 
Nebraska. Selection of the appropriate base sta- 
tion is made by shifting the frequency of the 
control transmitter. Separate receivers are used 
at the control station to constantly monitor 
incoming calls, 


MAINTENANCE 


Reliability is of great importance in all of 
the mobile radio services. It is of paramount 
importance in the widespread and remote operations 
of the Petroleum Industry. The Halliburton sys- 
tem is maintained under a flat rate maintenance 
contract which covers the furnishing of all mat- 
erials, labor, etc. Such an arrangement has the 
advantage to the user that the only manner in 
which the maintenance company can realize a profit 
on the maintenance is to take all steps possible 
to reduce failures on the system. This incentive 
results in greater reliability for the user at no 
- increase in cost. 


Our records show that the majority of all 
service calls are due to tube failures. The tubes 
in most mobile equipment are operated under their 
normal ratings so that adequate emission reserves 
usually are available. Most tube failures, there- 
fore, are due to shorts, open filaments, breakage, 
or other factors which are beyond analysis in 
routine inspections, 
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As soon as they became available about two 
years ago, we made it a standard procedure to in- 
stall, at our own expense, the high reliability 
Five-Star tubes in all stations, even though until 
recently the non-availability of a Five-Star equiv- 
alent for the 6BH6 made it necessary to rewire 
some sockets. This has been quite expensive in 
view of the number of stations installed but our 
experience with these tubes so far indicates that 
the reduced failures over a period of 18 to 24 
months will result in savings to us which will 
justify the cost of substitutions. Obviously, in 
some of the more remote stations, such as on 
Casper Mountain in Wyoming where maintenance in 
winter is accomplished on snow shoes, the payout 
should be sooner. In North Dakota and in Color- 
ado, we even installed Five-Star tubes in the 
mobile units, 


Except for North Dakota and Colorado, we are 
still using standard tubes for replacement pur— 
poses in mobile units. However, the standard 
tubes are being given 24-hour burn-in and vibra— 
tion cycling before use. After cycling, all tubes 
are checked under the actual dynamic conditions 
in a transmitter or receiver. Standard tube 
checkers are apt to give misleading information on 
tubes to be used in mobile service and we have 
found them of such limited value we have no tube 
checkers in our maintenance equipment. We strong-— 
ly feel that the best method of checking tubes is 
the substitution method. 


In addition to the use of Five-Star tubes, 
certain other techniques were found to reduce out-— 
ages. West Texas and Panhandle dust on relays was 
a particular problem. It is now standard to in- 
stall dust covers on all exposed relays. 


At all base stations which were controlled by 
means of radio relay, voltage stabilizers are used 
to maintain a constant primary voltage on both the 
base and fixed receivers. This permits the 
squelch operated relays to be set much closer 
without danger of false operation due to line 
voltage changes, 


Also, on radio controlled stations a time 
delay circuit was used on the base station receiv— 
er operated relay. This is so connected that the 
fixed relay transmitter remains on approximately 
three seconds after the last transmission either 
into or out from the base station. Thus, during 
the course of a conversation, the relay transmit-— 
ter carrier remains on, so that when the mobile 
transmission is received there is no delay after 
the initial transmission, This avoids losing the 
first word of mobile transmissions. This was done 
primarily as an operational measure but it is be- 
lieved the reduction in keying cf the relay trans- 
mitter tends to reduce its maintenance. 


Although all 250 watt stations are designed 
with automatic overload relays, 60 watt base sta-— 
tions normally use fuses for protection. In some 
areas where there were excessive fuse failures due 
to surges, corrosion, etc., we installed automatic 
resetting overload relays on the 60 watt base sta—_ 
tions and 35 watt relay stations. 
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For lightning protection it has been our 
practice to install the pellet protector across 
all base station input power lines. This is in 
addition to the installation of grounding rods and 
grounding stubs on the antenna lines. 


As a further precaution against lightning 
damage, we use solid dielectric coaxial cable 
rather than gas filled lines on all installations 
below 450 mc. In terms of range at 50 mc using a 


300" tower the difference in efficiency is only 2%. 


This will have negligible effect on performance of 
the system and our experience gained in using many 
thousands of feet of antenna line indicates great- 
er reliability with the solid dielectric line. 


Even with proper bonding of the gas filled 
line to the tower, lightning can still cause pin- 
hole leaks. Once a line has lost its pressure, 
its efficiency suffers materially and can only be 
regained after drying by bleeding of the line 
from the top and repressurizing. 


Several years ago we experienced some diffi- 
culty with the solid dielectric line due to con- 
traction of the center conductor during cold 
weather. Consultation with the manufacturer dev-— 
eloped that a long center pin was available to 
allow for this contraction in the fitting. This 
is now used on all installations. As a further 
precaution against contraction of the center con- 
ductor, we clamp two radiator hose clamps securely 
around the cable just below the fitting. This 
tends to prevent any change in the relationship 
between the center conductor and the outer shield 
and insulation. 


I have tried to outline a few of the points 
that we have found useful in reducing maintenance 
on the system. I cannot emphasize too strongly 
the value of proper maintenance records. There 
are many unseen maintenance costs which are not 
always apparent unless accurate detailed records 
are kept. Our company recently has expanded its 
record keeping on all of the some 100 systems we 
maintain. A firm specializing in semi-mechanical 
methods of recording and statistical control 
assisted us in the development of a system which 
was installed several months ago, It is already 
providing its value. 


Obviously, the administrative cost of keeping 
such records and analysis is considerable but we 
firmly believe that it is absolutely necessary if 
failures and hence maintenance costs are to be 
kept to a minimum. 


At the outset of this paper, X mentioned that 
we had not yet found all of the solutions to some 
of the problems in connection with this system. I 
would like to close by mentioning the most serious 
problem we have encountered in this system is that 
of skip interference between the various Hal libur- 
ton Divisions. In June and July operations in the 
Indiana and California Divisions were seriously 
compromised for several hours each day due to the 
severe interference they were receiving from some 
70 or 80 of their stations talking to some 800 or 
900 mobile units in the Midwest. 
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Where possible, we have installed or modif- 
ied existing directive antennas in an effort to 
reduce the effects of skip interference. The best 
weapon against skip has been found to be tighter 
operating procedures, keeping conversations at an 
absolute minimum, 


In spite of these measures, skip remains a 
problem, not only for the Halliburton system but 


Fig. 2 - "Side mount" antenna, type CE-212. 
(30 - 50 me) 


for all mobile users in the 30-50 mc band for sev— 
eral years to come. 


Therefore, in closing, I would like to 
broaden the scope of this paper to observe that 
the tremendous occupancy of the 30-50 mc band 
over the past few years, following our most re- 
cent sun spot peak of 1947, will result in very 
serious skip interference as we go back up on the 
sun spot cycle. Because petroleum operations re- 
quire the extended coverage possible only in the 


30-50 mc band, it will not be possible for them 
to move to high frequencies just to avoid the 
skip interference. 


I sincerely believe that this matter of skip 
is one which will require considerable study on 
the part of all engineers. Whereas there may be 
little likelihood of finding a complete remedy to 
skip, close cooperation by all users, both as to 
operating practices, system design, etc., may help 
in the reduction of interference to operations. 


LICENSE OR LICENSE 


Edwin L. White 
Federal Communications Commission 
Washington, D. C. 


Although a big dictionary is devoid of plot 
and has very little love interest, it often pro~ 
vides interesting reading. It is full of nuggets 
of knowledge, such as that zythum is a kind of 
beer and that zymurgy is the long—hair term for 
the brewers' chemistry. The theme of my talk 
today stems from the definitions of the word 
"license." 


I presume that most of us when we hear the 
word "license" think of the document which the 
bureaucratic Commission in Washington grants or 
withholds on the basis of some obscure whim. And 
more often, probably, we grumble about the things 
we cannot do under such a license than we rejoice 
over the things we may do. 


A license document is not the only thing 
covered by the word "license." The dictionary 
says that license is "authority or liberty given 
to do or forbear any act; permission to do some— 
thing specified; especially, a formal permission 
from the proper authorities to perform certain 
acts or carry on a certain business which without 
such permission would be illegal; also the docu- 
ment embodying such permission." 


The dictionary also states that license is 
"Excess of liberty; freedom abused." We have had 
experience in the radio field with both. 


Radio was regulated for many years before a 
document covering the use of radio existed. The 
first radio treaty was formulated by a conference 
held in Berlin in 1903. One of the most impor- 
tant results of that conference was the adoption 
of a regulation which still exists, that ships 
on the high seas must intercommnicate with each 
other. without regard to the make or ownership of 
the ship or its radio equipment and that ship 
radio stations mst give absolute priority to 
distress calls. The adoption of the treaty 
regulation was due directly to abuse of freedom. 
Before it was adopted Marconi would not talk to 
fPelefunken, nor would Telefunken talk to Marconi. 
Distress calls were only honored if the ship in 
distress belonged to the same steamship line as 
the recipient of the distress call. Now-a-days 
such abuse of freedom seems incomprehensible, 
but once it was so frequent that it resulted in 
a treaty. 


_ The radio act of 1913 provided for the 
licensing of radio stations for the first time. 


These licenses were to be issued on application 


by the Secretary of Commerce and Labor. (At 
that time the two present departments were one.) 
The Act provided further that the document 


should "state the wave length or the wave lengths 
authorized for use by the station for the preven- 
tion of interference and the hours for which the 
station is licensed for work." 


In 1921 the Secretary of Commerce refused 
to grant the Intercity Radio Company, Inc. a 
license on the ground that he was unable to 
ascertain a wave length. for use by Intercity 
which would not interfere with government or 
private stations. Intercity appealed. I will 
not try to give a lawyer's analysis of the 
decision of the court. However, the net effect 
was that the Secretary of Commerce had no 
authority to refuse a license, that he was 
required to issue a radio license to all appli- 
cants who met the requirements set forth in the 
Act and that the only discretionary authority 
he had was to select a wave length which would 
create the least possible interference. 


In an endeavor to: keep some order in the 
use of radio, the Secretary of Commerce then 
interpreted the phrase, "the hours for which 
the station is licensed for work" to give him 
the power to divide the usage of wave lengths 
on a time basis among different licensees. This 
presumed power was used as a means to attempt to 
reduce the interference problem. 


Zenith Radio Corporation had been licensed 
to broadcast from 10:00 a.m. to 12:00 p.m. on 
Thursdays. It proceeded to broadcast during 
other hours on other days. The government 
dragged Zenith into court. Again, I will not 
try to make an analysis of the court's order 
which found Zenith not guilty. However, it was 
generally to the effect that the Secretary's 
power to control interference on a time division 
basis was at least questionable. 


With these court decisions, the Secretary 
of Commerce found himself in a position of being 
unable to refuse licenses and with doubtful 
authority to impose any conditions in licenses 
to avoid interference. As a result broadcast 
stations sprang up all over the country. They 
operated when they pleased and were licensed on 
any frequency that suited their whim for which 
they applied. There was an excess of liberty 
and freedom was abused. Ina short time the 
air was so full of whistles and squeaks that 
practically no one had broadcast reception. 

As the previous case of abuse of freedon, 
license if you please, brought about a treaty, 
this recurrence of excess of liberty, again 
license, so disturbed Congress that talk was 


translated into action and in 1927 the Federal 


Radio Act was adopted. Since that time not only 
has the FCC been established but rule has piled 
on rule and regulation on regulation to a point 
that some claim a proverbial Philadelphia lawyer 
is required to cope with the legal problems in- 
volved in running a radio station. 


For years we were troubled by rugged indi- 
vidualists who operated without a license or 
committed other acts which infringed on the rights 
of others. For example, the Governor of one of 
our great states defied the Federal Government at 
one time. He stated that he was going to run the 
state police radio station as he wished and, if 
necessary, he would turn out the National Guard 
and eject any Federal Radio Commission inspector 
that interfered. Fortunately, everyone calmed 
down before any overt act had been committed. 
Peace was finally restored after this state had 
experienced interstate interference and with the 
help of the Federal Radio Commission obtained 
relief. 


Occasionally someone will talk big and 
threaten to: take the Commission to court and 
challenge its jurisdiction over the VHF, UHF or 
SHF. When it is pointed out that if he has a 
license he is entitled to protection, he usually 
changes his tune. 


. Again we have people who say "Ah, let them 
all in and fight over the frequencies." 


If in any single service where we have a 
large number of potential customers, and we do 
in all services, we should let them all in and 
let them fight over the channel, I think it is 
quite obvious that, considering human nature, 
the service would disappear. You need not look 
far for examples. If any of you have lived on a 
party line, particularly if the parties on-the 
other line have teenage children, you personally 
will have experienced what I'm talking about. 
Quite frequently we hear of homes burning down 
or people dying because some person was occupying 
the party line telephone and refused to get off 
the line to let the party in distress call the 
fireman or the doctor. 


We sometimes hear the sophistry that he is 
best governed who is least governed. It is 
probably a natural reaction to those who have 
experienced contact with the fallacy that the 
government always kmows best. If the millennium 
were here, we might possibly be able to do with 
out rules and regulations. In that happy event 
everyone will be able to do what he wishes with 
radio within its capabilities, and no one will 
think of deliberate interference, slander, 
obscenity or any other of the acts which are now 
prohibited by law. Since the millennium has not 
arrived and since we find ourselves in the posi- 
tion where we mst deal with a limited spectrum 
and with real people having normal urges and 
inhibitions, it is necessary to find that point 
which is the most realistic division between 
over and under regulation. 
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I can assure you that the bureaucrats in 
Washington are doing their level best to find 
this point. But it is not easy. Beginning 
with the prohibition amendment we have been 
going through a phase wherein there has been 
general public clamor for law to cure all ills, 
real or fancied. We have felt this in the 
Commission through the receipt of letters, 
petitions, telephone calls and visits from those 
who think that the Commission should require 
this or prohibit that. 


Our modern day lives are 80 complex that 
4% would take the wisdom of Solomon for anyone 
to adopt a set of regulations that could equi- 
tably provide for the use of radio suitable to 
the individual needs of the myriad licensees ‘in 
each of our services. If we found a man with 
the capability of writing such regulations, 
they probably would take more shelf space than 
the U. S. Code and it would take scores of 
Philadelphia lawyers to find out which regula- 
tions fitted any particular applicant or situa- 
tion. Of necessity, therefore, the best we can 
hope for is to meet the needs of the majority 
and leave everyone equally dissatisfied. 


As a practical matter this problem may be 
incapable of an ideal or permanent solution. 
Certainly the Commission alone cannot reach 
such an answer. However, I believe that coop-— 
eratively the various services working with the 
Commission can do mich to avoid abuses of free—- 
dom and through self regulation the necessity 
for government interference can be reduced to 
the minimum. The Commission has no expectation 
that it will ever assemble a staff large enough 
to know all of the details of all of your busi- 
nesses. The occupancy of the radio spectrum is 
growing by leaps and bounds. One to two thou- 
sand new communications systems are being 
authorized each month. Something mst be done 
each day to keep pace with this changing picture 
or chaos will ensue. 


The Commission must continue its current 
program of maintaining the greatest possible 
familiarity with the way business is conducted 
in the country so that its regulations can be 
as simple as possible, its licensing as free 
from restrictions as practicable, and its rules 
and regulations simple and appropriate so that 
all of those entitled to use radio in the public 
interest may determine their rights and obtain 
them with a minimum of difficulty. 


You, the users of the spectrum, mst put 
your shoulders to the wheel. Support your 
associations and frequency assignment groups in 
their efforts to get the most for all out of the 
limited number of frequencies available. When 
you feel the need for rule changes, propose them. 
When the Commission proposes rules, study the 
proposals and send in comments. 


Together through license let us avoid 
license. : 


- mobile units. 


A THREE CHANNEL COMMON CARRIER RADIO MOBILE SYSTEM TO SERVE INDUSTRY 


D. R. Gehrig 
Engineer, Transmission Division 
Illinois Bell Telephone Company 
Chicago, Illinois 


Summary 

To show the Communication Engineer's 
role in American Industry, an example is made of 
the engineering, installation and maintenance of 
a three-frequency mobile system covering the oil 
basin of Indiana, Illinois and Kentucky, In this 


“instance, the so-called "Tri-State" Mobile Tele- 


phone System, it was first necessary to determine 
the Industry's communication needs; analyze these 
data, manufacture specific equipment, establish 
transmitter sites and control points and set up 
traffic handling procedures, 


The need for the system was two-fold. 
An area adjacent to an existing general highway 
mobile cell needed to be covered and the existing 
cell was overloaded, Another cell on the same 
frequency would only aggravate conditions in the 
overloaded portion, 


The new "Tri-State" system was devised 
so that each of nine base stations operated on 
one of three frequencies. 
System was being engineered there were no three- 
frequency mobile units available, a special set 
had to be designed and manufactured to meet the 
requirements of the system. Co-channel overlap 
was alleviated in this system by making no adja— 
cent cells operate on the same frequency. The 
customer was required to select the right channel 
as he moved across the area, 


Studies made of actual results indicate 
that more traffic is being handled per station in 
this system than in the usual area coverage 
(highway) system, 


Only through cooperation of user, manu- 


_ facturer and supplier together with their engi- 


neers could an adequate system have been provided, 


Members of the Vehicular Group and Friends 


As an example of the Common Carrier 
Communication Engineer's role in American indus- 
try, I will describe the engineering, installa- 
tion and maintenance of the three frequency com— 
mon carrier mobile system which now serves the 
oil basin of Indiana, Illinois and Kentucky. 


The first common carrier mobile station 
was placed in service in 1946, At the end of 
1953, in the United States, there were 314 Common 
Carrier stations, of which 138 operate in 35-44 
MC Highway channels and 176 operate in the 150- 
160 MC Urban channels with a total of 13,000 
Plans are being made to use the 
UHF channels to relieve the larger metropolitan 
areas. Urban channels are used in and around 


Since, at the time the © 


UT 


large metropolitan areas to provide maximum chan- 
nels to handle the heavily concentrated traffic. 
The Highway system is used to give coverage over 
extended areas serving persons whose mobile re-— 
quirements may be beyond the range of a single 
station, 


First, I will describe a typical Highway 
mobile cell so that you may more fully realize the 
problem that was facing the communication engineers 
in the Tri-State Oil Basin. 


A Highway cell generally consists of a 
250 watt base transmitter with 135 foot antenna 
structure. The land receivers are pole mounted 
satellites so that the 30 watt mobile sets more 
nearly equal the coverage of the base transmitter, 


A remote control terminal is located in the tele- 


phone company central office, The terminal has 
the necessary circuits to terminate the transmit-— 
ter and receiver lines with the toll switchboard, 
where the circuit can be operated in the same 
manner as a regular toll telephone circuit, The 
control terminal also has a two tone selective 
signal oscillator for selective signalling of the 
mobile units and a voice operated gain device to 
adjust the voice level into the land transmitter 
for the differences in land wire transmission 
level, 


The mobile units are commercially manu- 
factured 30 watt sets with the addition of Western 
Electric two tone selector sets for selective 
signalling. The control units consist of a hand 
set and a call light and bell indicator, 


Overlap between stations is necessary to 
give complete coverage of an area. Since the land 
transmitter is on throughout the conversation if 
both stations are transmitting at the same time, 
interference will be experienced by a mobile unit 
in the overlap, To mitigate the effects of over-— 
lap, an interference coordinating circuit is used, 
(Figure 1). This is a land wire signalling cir- 
cuit between the operators of adjacent stations, 
which indicates when the adjacent station is trans- 
mitting. By observing this signal’ and monitoring 
her own channel the operator knows if a mobile 
subscriber's call is being handled by an adjacent 
station. A mobile subscriber may travel from one 
cell to another and get complete coverage during 
the interval he passes through the overlap area, 
Of course, during this period only one of the 
overlapping stations can be on the air so that 
traffic cannot be handled by the other station, 


The need for another common carrier 
general mobile system in the Tri-State Oil area 
developed because of the large overload on the 


Evansville Highway station, which required relief 
to handle offered traffic and to care for a long 
waiting list for mobile service, 


Three Telephone Companies cooperated in 
establishing the mobile system in the Tri-State 
O0il Basin which extends into Indiana, Kentucky 
and Illinois, Tne area encompasses 15,000 square 
miles, Activity within this area varied with the 
oil drilling. Since many of the same concerns 
followed the drilling, it was apparent that an 
adequate mobile service must allow for a free flow 
of mobile stations throughout the entire territory. 


Surveys were undertaken by Sales Engi- 
neers of each of the three companies. The surveys 
were designed to discover both the number of mo+ 
bile stations required and the coverage desired by 
each customer. Prime and fringe coverage areas 
were plotted on charts, which were divided into 
15-mile squares. Analysis of these data indicated 
the areas in which it would be economically feasi- 
ble to provide service, 


With the area to be served established, 
detailed system planning began. Some of the fac— 
tors which influenced the choice of system were as 
follows: 

1. Economy 
It was necessary that system costs 
be held down because of the great demand on capi-~ 
tal for land wire service and also so that a re- 
turn on investment might be realized, These fac-— 
' tors dictated simplicity of design. 


2. System , 
: For complete coverage, base station 


separation must result in overlaps, Wire facili- 
ties for coordination circuits were almost non- 
existent, so a radio system which could be proper- 
ly operated without coordinating circuits, was in- 
dicated, 


3. Frequencies 

In the 35-44 MC Highway band one 
channel was available. This was in use at Evans— 
ville, Indiana and Centralia, Illinois. The 
Evansville station had more traffic than could be 
handled. It was felt that the addition of sta- 
tions on this channel would lead to worse condi- 
tions at Evansville; would require coordination 
circuits, and would not provide the necessary 
traffic relief nor provide for growth. 


In the 150-160 MC Urban band there are 
six duplex channels spaced 60 KC apart which are 
allocated to common carriers, Using three of 
these channels, a system was devised where no ad- 
jacent cells would be on the same frequency, 
Visualize a grid of equilateral triangles with a 
station of a different channel on each point of 
the triangle, (Figure 2), This system, which can 
theoretically be extended to infinity, permits 
all adjacent stations to be on different channels. 


Z With this method in mind, the Transmis- 
sion Engineers of each Company determined the 
approximate location for each station site. 
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Twenty mile circles were drawn in a 
pattern such as described, and the topography of 
locations near the centers of the circles was 
studied. The better sites were considered in re- 
lation to elevation, wire facilities, roads and 
noise level, Sites were picked near Effingham, 
Clay City and McLeansboro, Illinois; Vincennes, 
New Harmony, Evansville and Rockport, Indiana; and 
Morgansfield, Kentucky, (Figure 3). 


It was originally felt that because a 
Highway cell was already located at Centralia, 
Illinois, Urban coverage was unnecessary there, 
Later this station was added to the Tri-State sys-— 
tem to give complete coverage to the Urban sub- 
scriber. 


Since each company had its own engineer- 
ing problems I will elaborate on special problems 
faced by Illinois Bell. 


Of the four Illinois stations, wire 
lines to connect the radio facilities to the con—- 
trol points were available at Centralia and Effing 
ham, The McLeansboro site was within a quarter 
mile of telephone lead, so only a short land line 
had to be constructed, The Clay City cell was 
entirely a different story. It was desired to 
operate the Clay City station from Effingham, The 
Clay City cell operated on a four wire basis, with 
one pair used for transmitting and one pair for 
receiving. Since the Effingham—Clay City tele- 


‘ phone toll lead was routed through several towns, 


construction costs would have been prohibitive, 


The Clay City wire line problem was solv- 
ed by use of a Lenkurt open wire carrier on the 
existing toll lead, This carrier had a four wire 
option and provided two DC signalling circuits, 
This gave the necessary transmitter control in one 
direction and the receiver signalling lead in the 
‘other, Thus with one carrier system both the 
voice facilities and DC control circuits were re- 
alized without new outside plant construction, 


Because of circuit charges and the ex- 
pected life of the oil field, it was imperative 
that the station cost be kept down to give rates 
comparable to those in the existing Highway cells 
while still receiving a fair return on the invest- 
ment. At this time a so-called "packaged station" 
was decided upon, This consisted of a single 60 
watt transmitter and a single receiver at one 
location, using one antenna support for both 
transmitting and receiving antennas, (Figure 4). 


Because common carrier general telephone 
service has more stringent transmission require- 
ments than private mobile systems, a somewhat 
stronger signal should be received by the land 
subscriber than the mobile subscriber, The reason— 
ing behind this is that a land wire subscriber is 
unaccustomed to "push-to-talk" radio transmission 
and this coupled with a poor signal might greatly 
disturb him, On the other hand, the mobile sub- 
scriber would be more accustomed to this type 
transmission and would consider that if he had 
trouble hearing the base station the base station — 


would have trouble receiving him. In the Illinois 
stations, the receiving antennas were mounted 
fifteen feet above the transmitting antenna to 
increase the receiving range, (Figure 5). This 
also gave the necessary decoupling between the 
transmitting antenna and the receiving antenna, 
preventing desensitization of the receiver. This 
alleviated the need for a stub with its resulting 
transmission loss to keep the transmitter signal 
out of the receiving path, At the time of engi- 
neering, considerable thought was given to the use 
of a diplexer and a single high gain antenna, 
However, the cost of this equipment made it more 
economical to use the previously mentioned method, 
Indiana stations have locally assembled diplexers 
which have proven quite satisfactory even though 
extra range of the transmitter over the land re- 
ceiver is apparent. The directivity of the tower 
in Illinois stations is noticeable but is of 
little consequence, 


Because the land line must be connected 
to long toll lines, transmission levels must be 
closely controlled. In the usual highway system, 
a test transmitter is located at the control 
terminal, By putting a tone of a given level on 
the test transmitter carrier, the land receiver 
volume can be set to give the required level to 
the land line, It was not considered economical 


to put a test transmitter at each control terminal 
in the area so a single three frequency trans— 
mitter was located at the existing tower at 
Centralia, This was controlled by a metallic 
simplex lead from each remote control point. The 
control point at Centralia was given the voice 
facilities to sign the station, With this system 
any of three frequencies can be dialed from each 
of the control points either with or without a 
thousand cycle tone, 


At the time the Tri-State system was 
engineered there were no three channel mobile 
séts on the market. Two manufacturers were con- 
tacted and our problem was presented, One manu- 
facturer stated that with a minimum of engineering 
a new three channel set could be developed using 
available equipment and a small adapter chassis. 
This set was produced and used in the system, 
While using the set the customer must remain aware 
of the cell in which he is operating and keep his 
channel switch thrown to that channel so that the 


land line party can reach him, 


The Tri-State system was cut into 
service in December, 1952. The following statis=- 
tics indicate the efficiency of this three channel 
area covering system in comparison with the High- 
way single channel area covering system: 


TRI-STATE USAGE COMPARED WITH HIGHWAY USAGE FOR FIRST SEVENTEEN MONTHS 


OF TRI-STATE OPERATION FOR ILLINOIS 


Total Number of Calls 
Total Number of Messages 
Per Cent of Calls resulting in completed messages 


Average No, of Calls per Month per Cell 
(Tri-State 57% higher than Highway) 


Average No. of Messages per Month per Cell 
(Tri-State 43% higher than Highway) 


The per cent of calls resulting in 
completed messages may be lower for the Tri-State 
system because many customers whose vehicles 
travel from cell to cell throughout the oil basin 
may frequently neglect to keep their mobile unit 
channel switches turned to the right channel, 
This causes more "don't answer" when calling the 
mobile unit. The preceding information is based 
on toll tickets prepared by operators at the time 
calls are placed from land lines to mobile units 
or when mobile units are calling either land 
lines or other mobile units, 


Maintenance costs have been 11% lower on 
the Tri-State system than the Highway. Two of 
the reasons are: : 


Highway Tri-State 

137,135 78,006 

107,089 555552 
78h 71% 
733 1,147 
573 817 


1. All equipment is of the same type. This 


minimizes the supply of spare parts needed, 


2. Standardized equipment becomes familiar 
to maintenance forces and leads to rapid repair 
work. In the Highway system sets of many dif- 
ferent manufacturers are used and equipment types 
range from early 1946 designs to the latest 
models. 


Land transmitter outage due to power 
failure has been reduced by adding emergency gene 
ators in two of the cells, In the Centralia cell, 
emergency power already existed and Effingham cell 
uses power which is considered sufficiently 
dependable. 


Conclusion 


The Tri-State mobile system was designed 
to give common carrier mobile telephone service 
to a particular industry and its associated 
businesses. It was necessary first for the in- 
dustry to present its communication needs, Sales 
engineers conducted surveys to determine the 
exact area to be covered, Communication engi- 
neers of the various telephone companies operating 
in the proposed coverage area, then worked to- 


STATION 
A 


ADJACENT 
STATION 


OVERLAP 


gether to design one system which was compatible 
to the entire territory. Engineers of the 
various equipment suppliers and manufacturers 
worked together with the communication: engineers 
to meet the equipment requirements and service 
dates. 


Only through complete cooperation of 
all of these engineers was a system such as the 
Tri-State Mobile Telephone System realized. 


STATION 
B 


ADJACENT 
STATION 


Fig. 1 = An interference coordination circuit used to indicate existence of an overlap condition 


between station A and station B. 
that station A is handling traffic. 


The operator at station B views her busy lamp and notes 
By monitoring her receiver R and hearing conversation 


from the mobile unit she knows that the unit is in the overlap area (that area where the 
signals received‘ from both the land transmitters have a differential of less than 6 db). 


Therefore, operator B cannot handle traffic through her station. 


To let other mobile units 


in her coverage area know that she is in an overlap condition and unable to handle traffic, 


operator B places a busy tone on her channel. 
she hears the mobile unit in the overlap area talking. 


She does not energize her transmitter until 
In this manner operator B avoids 


interfering with the handling of overlap traffic by station B. 


Fig. 2 = The method used in the Tri-State to overcome overlap. 


station A. 


Station A' is the same channel as 


There is no same channel overlap but there is solid coverage of the area with 


at least one channel and in many places with two or all three channels. 
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EFFECT OF FRONT END RECEIVER DESIGN 
ON OVER-ALL PERFORMANCE* 


Arthur G. Manke 
General Electric Company 
Syracuse, New York 


During recent years we have heard more about 
low IF selectivity, low IF amplifiers and adjacent 
channel reception than we have about any other 
features and any other portion of the communica~ 
tions receiver. Still it is obvious from studying 
field problems that the majority of operating diffi- 
culties in which the receivers are involved are 
most frequently tied up with the front end of the 
receiver. Also it is obvious that a very consider- 
able portion of the receiver cost and size is made 
up of components involved in the front end of the 
receiver. Since we are spending valuable space 
and money on this portion of the receiver, it is 
important to recognize just how mich this part of 
the receiver contributes to over-all performance. 
In other words, is this the portion of the receiver 
which really deserves serious consideration when 
we look ahead and foresee the problems facing us 
in the future due to the large numbers of users 
being licensed every year? 


Typical field situations which involve the 
front-end performance are desensitization due to a 
nearby transmitter and intermodulation. The inter- 
modulation type of interference may result from 
the operation of several adjacent channel stations 
in the same area, or from stations in the same 
area which have equal frequency spacings. As the 
communications bands become more and more populated 
this will become more and more often the case. So, 
with an eye to the future, let us now consider the 
important functions performed by the front end of 
the receiver. 


In considering the effects of front-end de- 
sign on the receiver and resulting systems opera- 
tion, we shall include only the high IF and the rf 
amplifier. Let us begin by looking at a receiver 
performance curve (Fig. 1) and observe the spec- 
trum on each side of the desired frequency, where 
the front end determines the receiver performance. 


Curves A and B of Fig. 1 (the inner curves) 
show the basic selectivity of a receiver and curve 
C shows a typical performance curve or two-signal 
selectivity curve. Although this curve will be ex- 
plained in more detail later, we will note for the 
time being that the performance curve is taken out 
to six 0 ke channels on each side, and at this 
point the performance curve has somewhat leveled 
off showing the ultimate performance of the re- 
ceiver. At this time I want to point out that low 
IF: selectivity is involved in determining channel 
1 and thereafter, front-end performance determines 
the db level attained at each of the other chan- 


*This paper was presented at the Western Electric 
Show and Convention of the Institute of Radio 
Engineers (Vehicular Communications Section), Los 
Angeles, California, August 26, 195k. AD 
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nels. From this it becomes evident why front-end 
performance is so frequently involved in field 
problems resulting from other systems not on adja- 
cent channels, but more often fifty channels or 
more removed. Certainly we are going to encounter 
more neighbors over this range than we will on ad- 
jacent channels. This curve then shows us why 
front-end performance becomes so important as we 
look to future operating conditions which will put 
many more stations on the air and give us more 
neighbors in the frequency spectrum. There are 
only two chances for adjacent channel interference 
and fifty or more channels on each side of the fre- 
quency to which the receiver is tuned, the perform- 
ance of which is determined entirely by the design 
of the front end of the receiver. 


We are frequently led to believe and naturally 
inclined to think (due to the original tuned radio 
frequency receiver) that the selectivity curves of 
Fig. 2 represent the performance capabilities of a 
communications receiver, whereas they only repre- 
sent the inherent selectivities of all the tuned 
circuits (principally the low IF), without taking 
into account the fact that thése tuned circuits 
are connected together, or linked, together, with 
nonlinear devices like vacuum tubes. One need 
only put several communications stations, even 
though separated by five or fifty channels, on a 
mountain top or a building to realize the error of 
thinking that the curves of Fig. 2 represent the 
receiver performance. Note that this type of 
curve indicates essentially infinite selectivity 
performance at the alternate channel and, there- 
fore, we cannot afford to use these as the basis 
of our thinking or our specifications. In order 
to read performarce from the selectivity curves of 
Fig. 2 we would have to completely alter the de- 
sign of our present communications receivers and 
put a major portion of the selectivity shown by 
these curves in front of the first grid. Such re- 
ceivers have been built and, in another branch of 
the communications field, are currently being sold 
and used to good advantage. Why don't we in mobile 
communications use this kind of a receiver? The 
answer is simple; if we did we could not at present 
obtain the size or the sensitivities which are ac- 
ceptable for mobile communications. Such receivers 
are widely used in the carrier current field where 
they operate much lower in frequency and they are 
not interested in sensitivities better than 100 to 
200 microvolts. It is interesting to note that 
this ideal type of receiver was manufactured and 
sold in large numbers back in 1926 and 1927 for use 
as a household or entertainment type of receiver. 


Before going into the basic considerations of 
the high IF or rf amplifier, we shall briefly study 
Fig. 3 which shows the basic relations in bandwidth | 
or selectivity of therf, high IF and low IF ampli- 


fiers. This mental picture is important for a 
better understanding of the performance character= 
istics of a mobile communications receiver. These 
selectivity curves were taken froma receiver 

which has relatively very high rf selectivity in 
order to get the rf selectivity to show on a #500 
ke base. Since there are such wide differences in 
the operating frequencies and side wall slopes, 

and since these widely different amplifiers must 

be related to each other by means of a converter, 
it can readily be apprecieted that numerous prob- 
lems will be encountered in making a receiver of 
this type sensitive and at the same time have es- 
sentially the characteristics of a single-frequency 
amplifier. In other words, we are in effect trying 
to transfer to the rf amplifier the inherent selec- 
tivity of the low IF amplifier so as to make it ap- 
pear that this selectivity occurs in the front end, 
the frequency of which may be 50 me to -150 me or 
450 mc. These problems. are the major hurdles en- 
countered in the front-end design, and the two sig- 
nal performance curve shows to what extent we have 
beem successful in transferring the selectivity of 
the low IF amplifier to the front end or operating 
frequency of the receiver. 


The High IF Amplifier 


In analysing the high IF amplifier let us con- 
sider: Why we have a high IF amplifier, and what 
functions this amplifier performs; next, the fac- 
tors affecting the choice of the high IF frequency, 
and the selectivity and.the gain in this amplifier; 
and, finally, how these factors enter into the 
over-all performance. 


In the present state of the art, we have a 
high IF amplifier largely because we do not know 
how to get along without it. That is, we do not 
know how to take the big step down in frequency 


from the front-end frequency to the low IF fre- 
quency without getting into many more troubles 
than the ones we will encounter due to the extra 
converter. Let us say for the time being that we 
could not make our receivers sufficiently "one 
spot" in performance. 


The high IF, in broad terms, acts as a reducer 
to step down in frequency and bandwidth from the 
rf to the low IF frequency which is usually in the 
order of one-half a megacycle. It also has some 
gain and, therefore, helps in a minor way to avoid 
having essentially all the gain at the same fre- 
quency, namely, the low IF frequency. When first 
used in receivers, high IF amplifiers were employed 
principally to avoid having the large values of 
gain required in FM receivers at one operating fre- 
quency. This then helped to avoid regeneration 
difficulties; however, our ideas today in regard 
to the high IF amplifier in mobile receivers are 
quite different. 


As early as 1938 it was common knowledge in 
engineering circles that a gain of only three to 
five was adequate at the lower frequencies in an 
‘rf or high IF amplifier to over-ride the noise of 
a converter. Consequently, where difficulties due 
to spurious responses and inability to obtain high 
selectivity in an rf or high IF amplifier was a 
problem, the gain was reduced as required. 


In utilizing this reducer in bandwidth and 


_ frequency we need to perform an additional conver- 


sion which is advantageous, although an inherent 
trouble maker. Let us how consider factors which 
affect the design of the high IF amplifier. The 
principal factors are: (1) the image at both the 
first and second converter, (2) spurious responses 
due to harmonics of the IF frequency when the re- 
ceiver is exposed to off-frequency signals, (3) 
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spurious due to the multiplications of the second 
and first crystal frequency, (4) spurious due to 
half the low IF frequency, and (5) the frequency 
of the high IF amplifier determining the frequency 
range of the mode crystals when mode crystals are 
used for the first oscillator. We will consider 
these factors in more detail, taking the last one 
first. 


For receivers in the 50 mc range where third 
mode crystals are used, the use of a high IF fre- 
quency like seven megacycles is very helpful in 
the production of the crystals as it limits the 
highest frequency crystal to 43 mc. The use of a 
3.0 mc high IF would require the production of 
47.0 me crystals which is obviously somewhat more 
difficult when produced to the same activity as 
the 43 me crystal. Consequently we see that the 
choice of the high IF frequency can have an impor- 
tant effect on the production of the mode or first 
However, do not draw the con- 
clusion that it would, therefore, be wise to choose 
a rather high first IF frequency, as we will now 
consider some of the other factors mentioned above 
which enter into the choice of the most desirable 
operating frequency for the high IF amplifier. 


We will consider a few of the typical and 
troublesome spurious always present wherever even 
ane conversion is present in a superheterodyne. 
The first one will be the input frequency for the 
receiver which produces half the low IF amplifier 
frequency in the plate circuit of the second con- 
verter. Just for illustration, assume the low IF 
amplifier to be 455 ke and the high IF amplifier 
to be 6.0 mcs then with an off-frequency signal 
sufficient to produce 5.780 mc in the high IF am- 
plifier we will have the second harmonic of the 
second converter output exactly on frequency for 
the high gain 55 ke low IF amplifier which follows 
this converter. Now the gain in the average low 
IF amplifier is approximately 200,000. In addi- 
tion to the above situation, it must be remembered 
that any good converter is a very capable producer 
of hezmonics since the tube used must operate in a 
region where the plate characteristic has appreci- 
able curvature. With this set of conditions, it 
becomes evident that we face a serious problem 
when we have a 250 watt transmitter operating at a 
frequency of 200 to 20 ke (approximately one-half 
the low IF) below the desired or receiver fre- 
quency. Certainly, as a first remedy to this situ- 
ation good selectivity in the high IF amplifier is 
the most obvious solution, as the selectivity of 
this amplifier prevents this off-frequency carrier 
from driving the second converter grid. Another 
method to prevent this off-frequency signal from ~ 
producing appreciable drive at the second conver- 
ter is to design for low level limiting in the 
high IF amplifier tube. 


Another important consideration involved in 
the choice of a high IF frequency is the harmonics 
of the second converter for signals close to the 
desired or on-frequency signal. The harmonics of 


- the IF frequency present in the plate circuit of 


the second converter can produce a whole series of 
spurious responses depending on the high IF fre- 
quency, the selectivity of the second converter in- 


See te 55 


put circuit, and the level at which limiting occurs 
in the high IF amplifier tube. The harmonics of 
the IF generated in the second converter are fed 
back to the input side of the converter through 

the plate to grid capacity of the tube and other 
stray capacities, and then beat with the oscillator 
injection frequency and with the incoming frequency 
to produce a whole series of spurious responses. 

To alleviate this situation it is desirable to 
choose the high IF frequency so that the first IF 
harmonic involved in this type of spurious falls 
near the center of the low IF pass band. This will 
then give the largest frequency interval before 
this harmonic gets outside of the low IF pass band 
so the selectivity of the high IF amplifier can at- 
tenuate the input to the second converter. Other 
means of alleviating trouble from this situation 
lie in the design of the low IF amplifier. These 
will not be covered here as we are going to con- 
fine ourselves to the front end of the receiver. 


Where the first crystal is multiplied up, it 
becomes important to choose the high IF frequency 
in order to get sufficient protection from the rf 
amplifier so that the harmonics adjacent to the de- 
sired can be attenuated by the rf amplifier. Con- 
sider a typical case: suppose we are multiplying 
by twelve times in the first crystal oscillator; 
the high IF is 6.9 mc and the tuning range of the 
receiver is 152 mc to 17 mc. The first crystal 
frequencies will be from 12.09 to 13.925 mc. Llet 
us take a look at the high end of the band -- say, 
173.8 mc. At this operating frequency the 13th 
harmonic of the crystal is 180.806 mc. Assume an 
input signal one channel higher in frequency than 
the receiver is tuned to (173.860 mc), then the 
resultant frequency from the 13th harmonic beating 
with the incoming signal will produce a signal 
which is only 6.0 ke above the nominal high IF 
frequency. Such a condition is certain to produce 
a spurious on the adjacent channel which would be 
very hard to reduce to a tolerable level. In this 
case a change in high IF frequency is the logical 
solution. The case cited above would cause adja- 
cent channel interference whether we have 0 ke or 
60 ke channels, since the low IF pass band in 
either case is 415 ke. It will also result in al- 
ternate channel interference. 


For protection in regard to the second image, 
it is the same story as it was in the cases cited 
above. The only solution is adequate high IF 
selectivity. The second image frequency is, of 
course, decided by the frequency of the low IF am- 
plifier. It is always located at twice the low IF 
frequency above or below the high IF depending on 
whether the second oscillator injection is above 
or below the high IF operating frequency. . There- 
fore, one must depend on the selectivity of the 
high IF amplifier in order to avoid this spurious 
response. The rf amplifier can contribute some, 
but not a great deal, as shown in Fig. 3. 


The basic selectivity of the high IF ampli- 
fier itself is closely tied up with its operating 
frequency. This occurs because of two important 
factors: we can get more coil performance (tQ") 
at the lower IF frequencies due to the characteris- 
tics of iron dust cores. The other factor is sim- 
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ply the variation of selectivity with operating 
frequency on a straight percentage basis. That is, 
120 ke is a long way off frequency for a 6 me high 
IF amplifier, but would be a rather small percent- 
age off frequency in the case of an 18 or 20 mc 
high IF amplifier. 


From the problems cited above, which are re- 
lated to the choice of the high IF frequency, we 
noted that many could not be solved except by ade- 
quate high IF selectivity. The question then 
arises as to how much selectivity should be de-~ 
signed into a high IF amplifier or whether the 
more selectivity the better should be the crite- 
rion. In general, the latter is true, providing 
the bandpass is adequate to pass the modulation. 
Let us now consider what advantages besides those 
already mentioned will occur with the higher order 
of selectivity in the high IF amplifier. One of 
these advantages occurs in intermodulation. If 
the high IF selectivity is only moderate, then the 


_ high IF amplifier tube always contributes to the 


intermodulation produced in preceding tubes. In 
order to avoid having the high IF amplifier con- 
tribute to the intermodulation already present in 
the rf amplifier, it is necessary that the selec- 
tivity of the first high IF transformer have an 
attemation of approximately 10-1 for twice the 
channel spacing. If this is not the case, then 
the high IF amplifier tube will contribute another 
6 db of degradation under average operating 
conditions. - 


The manner in which the high IF amplifier 
selectivity contributes to the over-all performance 
is easily shown by looking at the desensitization 
curves or the two-signal performance curves of the 
receiver. In Fig. ) is shown the two-signal per- 
formance curve which applies to the receiver having 
the selectivities shown in Fig. 3. 


Just a few words about the significance of 
this illustration. The inside curve is the conven- 
tional 20 db quieting curve. The next curve (#2) 
is the basic selectivity of all the tuned circuits 
of the receiver without any limiting taking place 
in the entire receiver. Note how this #2 curve 
lays quite well on the 20 db quieting curve, until 
limiting takes place somewhere in between or pre- 
ceding the selective elements of the receiver, and 
then the two curves depart. This departure is 
typical of any receiver manufactured today and 
starts when limiting occurs, usually at the second 
converter or the high IF amplifier. This outer or 
true selectivity curve you will note is bell-shaped 
as we get into the higher attenuation. Certainly 
any true selectivity curve must ‘have this kind of — 
a shape since the over-all selectivity is made up | 
of individual circuits, each of which has a bell 
shape. Of course, we do not have an infinite num- 
ber of tuned circuits so the over-all result, if 
it is to be correct, must have a bell shape. The 
other curve is a standard two-signal performance 
curve taken on a signal-to-noise-ratio basis. The 
desired signal is at zero discriminator and is of 
‘such a strength as to produce a 12 db signal-to- 
noise ratio with no interfering signal present. 
Modulation is 10 ke at 1,000 cycles. The interfer- 


ing signal is then introduced and modulated at 00 - : 


57 


cycles 10 ke deviation for wide band receivers. 

To get the data for the two signal curves, the in- 
terfering signal is set off frequency and then 
increased in strength until the signal-to-noise 
ratio of the desired or weak signal is reduced from 
12 db to 6 db, or from 25% to 50% distortion (with 
the squelch set at critical). This curve then con- 
tains much more information than either of the 
other curves, since it predicts exact performance 
from the side walls of the basic selectivity curve 
on out as far as you want to go. 


With a method of measurement which is capable 
of producing such data, we can readily dispel any 
and all mystery about the contribution of the front 
end of the receiver to the over-all performance. 
For instance, we can vary the high IF selectivity, 
the gain and the distribution of this selectivity 
and, using the same low IF and rf amplifier, ob- 
serve the results obtained. When this experiment 
is performed, we find that from 5 ke out to 500 
ke the slope of the two-signal performance curve 
is determined largely by the high IF amplifier 
selectivity. After this region has been passed, 
desensitization is occurring in the high IF ampli- 
fier. The two-signal curve would become flat ex- 
cept for the fact that the rf selectivity is con- 
tributing and determining the skirt slope, and 
finally, after this region, the skirt slope is de- 
termined by the selectivity in front of the first 
grid, or by the selectivity of the preselector 
(antenna transformer). 


Fig. 5 shows typical single stage high IF am- 
plifier selectivity curves. The outer curve shows 
the selectivity of a high IF amplifier stage using 
two double-tuned transformers or four tuned cir- 
cuits. The inner curve shows the selectivity of a 
high IF amplifier using two triple-tuned transfor- 
mers or a total of six tuned circuits. Note that 
the difference in selectivity is 21.0 db at channel 
#2 and 38.0 db at channel #4. Wig. 6 shows the 
effect on the two-signal performance curves of 
using each of these high IF amplifiers in conjunc- 
tion with the same rf and low IF amplifier. Note 
how the two-signal performance improves with the 
more selective high IF amplifier. Selectivity in 
this region of the receiver improves reception on 
many channels besides improving reception slightly 
on adjacent channels. Only one side of the two- 
signal performance curve is shown; the other side 
showed a very similar improvement. : 


The average improvement over the frequency 
spectrum shown in Fig. 6 is 7.0 db. These improve- 
ments in performance apply to both high band (150- 
174 mc) or low band receivers (25-50 mc) and ex~ 
tend out to improve performance on many more chan- 
nels than shown in Fig. 6. ; ; 


Fig. 7 shows the effect‘of changing the gain 
in the high IF amplifier of a particular receiver. 
The high IF amplifier gain was increased by 9.5 db 
and the two-signal performance, starting from chan- 
nel #2, decreased by approximately 2.0 db. By in- 
creasing the gain of the high IF amplifier on vari- 
ous receivers, it was found that the results ob- 
tained varied so widely that one could not make a 


definite prediction which would apply to all re-. 


ceivers. On one of the receivers in which the 
gain was increased 6.0 db by merely increasing the 
screen voltage of the high IF amplifier tube, the 
reverse was true for the high frequency side of 
the two-signal performance curve; whereas the low 
frequency side showed essentially the same 
performance. 


An inspection of a two-signal performance 
characteristic previously shown in Fig. ) raises a 
question in regard to the value of performance a 
receiver should attain when used on a common tower 
with another system in the same band. This would, 
of course, depend on the vertical separation of 
’ antennas and the frequency separation, but should 
equal or exceed transmitter noise performance. 
From data currently available on 250 watt trans- 
mitters in the 25 to 50 mc mobile communication 
field, the receivers should be capable of 97 db on 
adjacent channels, 105 db on the lth channel, and 
129 db on the 10th channel, in order to provide the 
maximum useful communication range made possible 
by the lower noise level of recent transmitters. 


The rf Amplifier 


The principal considerations in the design of 
the rf amplifier are in general very similar to 
the high IF amplifier, if we omit the signal-to- 
noise-ratio problem encountered in the first ampli- 
fier tube. We have the same problems at the first 
converter as we do at the second converter with re- 
spect to the spurious responses. At half the high 
IF frequency below the desired signal the first 
converter produces a spurious just as the second 
converter did. There is essentially no way to 
avoid this spurious and it can always be reduced 
either by using a higher high IF frequency or by 
increasing the rf selectivity. Similar considera- 
tions apply to the high IF harmonics as were men- 
tioned in conjunction with the high IF amplifier. 
I will, therefore, pass over these and look at 
some of the other aspects of the rf amplifier. 


The total selectivity required in the rf am- 
plifier is largely determined by the image ratio 
and by the spurious response ratio. For such 
spurious as the one occurring at one-half the high 
IF amplifier frequency from the desired signal and 
the image, there is little more that can be done 
except to provide adequate selectivity, since the 
many image rejection circuits which have been de-~ 
vised (not requiring additional tuned circuits) 
are difficult to maintain in balance when the 
front-end frequency is changed by field personnel. 


Then there is a question as to how many db 
down from receiver sensitivity are required in a 
good communications receiver for this type of 
spurious and those present at the second converter. 
This will depend on how many spurious are present 
after the most judicious choice of high IF fre- 
quency, proximity of receivers and transmitters, 
and, of course, the power output of the transmit- 
ters in the communications band and the band imme- 
diately below the communications band. As for the 
communications band transmitters, we can assume 
250 watt transmitters, (+2 db) receiver squelch 
opening sensitivity set to 0.2 pv = (-152 db down 


from 1.0 watt) and a space attenuation of 60 db 
due to vertical spacing or horizontal distance be- 
tween antennas. Under these conditions the image 
and spurious ought to be 152 + 2 - 60, or 116 db, 
for adequate protection. ‘Some receivers on the 
market exceed this for all major types of spurious, 
such as the image, but may have only one spurious 
which gets down to 85 db at one end of the band 
and therefore are rated at the lower value. 


In the rf amplifier it is extremely important 
to have as much of the total rf selectivity in 
front of the first grid as is possible. The limi- 
tation here comes in sensitivity due to the loss 
incurred by each tuned circuit. There are many ad- 
vantages in this kind of a design and I will illus- 
trate two typical cases, namely, desensitization 
and intermodulation. Fig. 8 shows one half of the 
selectivity curve of a single tuned iron core an- 
tenna transformer (the lower curve) and also the 
selectivity of a double trimmer tuned antenna 
transformer (upper curve). Note that the lower 
curve "B" accepts a much higher level of carrier 
for a transmitter 1.0 and 2.0 mc removed from the 
receiver frequency. The difference is actually 16 
db:at 1.0 mc and 30 db at 2.0 mc. Assuming the 
lower curve and with a 250 watt transmitter one- 
half mile away and one-half megacycle off fre- 
quency, the first grid will normally receive suffi- 
cient carrier to bias the rf amplifier grid to .0 
volts, thereby desensitizing the first tube due to 
carrier alone. This situation would not exist if 
the input selectivity equaled that of the upper 
curve. 


let us now consider the advantages of high 
selectivity in the antenna transformer as regards 
intermodulation. Since intermodulation takes 
place in the first rf amplifier tube due to the 
nonlinearity in the plate circuit of the amplifier 
tube, we must prevent the signals involved in in- 
termodulation from reaching the first grid if we 
are going to avoid this difficulty. No antenna 
transformer by itself is sufficiently selective to 
enter the intermodulation picture on adjacent chan- 
nel stations. However, in many of the cases the 
intermodulation occurs due to stations ten or more 
channels away from the frequency to which the re- 
ceiver is tuned. A glance at Fig. 8 shows that 
the double-tuned preselector will offer an attenu- 
ation of 12 db to one of the signals involved in 
producing the intermodulation, whereas the attenu- 
ation of the single-tuned transformer is negligible 
As the number of stations on the air increases, 
this type of interference will be more prevalent. 
We must, however, do something to improve the in- 
termodulation situation for those stations which 
lie in closer than one-half a megacycle, and we 
can accomplish this if we take advantage of the 
adaptability of the double-tuned preselector to 
the use of quartz crystals as filter elements. 


Due to the sharp resonance of these crystals, 
they can be used as shorting elements in conjunc- 
tion with tuned circuits. A typical preselector 
circuit equipped with crystals is shown in Fig. 9. 


If intermodulation is present from a higher fre- 


quency adjacent and alternate channels stations, 
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quartz crystals operating on mode frequencies can 
be connected across ‘the tuned preselector circuits 
as shown -- one for each interfering signal -- and 
at crystal resonance the equivalent resistance of 
each crystal will drop to a value of something 

like 20 ohms. Since the tuned circuits have an 
impedance of 5,000 to 100,000 ohms, even a 50 ohm 
loading across the tuned circuit will reduce trans- 
mission through the preselector to a small value, 
thereby reducing the undesired carriers and avoid- 
ing the intermodulation effects, In most cases it 
is only necessary to use a single crystal and in 
this case it is generally advisable to place the 
crystal across the circuit connected to the grid 
‘of the tube. Also it is desirable to trap the fre- 
quency which produces the second harmonic in the 
plate circuit of the rf amplifier tube, 


Fig. 10 shows a typical resonance curve of a 
double-tuned antenna transformer equipped with a 
crystal. The top curve "A" shows the rf selec- 
tivity without the crystal. Curve "B" shows the 
effect of adding the crystal in the grid coil of 
this transformer. Note that in less than 25 ke 
the crystal has provided an attemation of nine to 
one and also that there was a loss in gain due to 
the crystal of 10%. The loss of gain can be 
avoided by ordering a crystal for filter or trap 
application. The curve shown was taken from a 
crystal made for oscillator usage. After the first 
sharp attenuation, the crystal has spurious re- 
sponses which occur only at frequencies higher 
than the frequency to which the crystal has been 
ground. If the desired signal is lower in fre- 
quency, then these spurious responses will do no 
harm and may be helpful in trapping the alternate 
channel carrier with the same crystal. When a 
lower frequency carrier is trapped by using a crys- 
tal, then a filter type of crystal must be ob- 
tained on which the spurious responses are known 
or have been removed by special processing of the 
crystal blank. 


The quartz crystals have an advantage over 
cavities in that they have a much higher "Q," pro- 
duce less loss on the desired signal and are tem- 
perature compensated. They need never be retuned 
since they are temperature compensated in the same 
order. of accuracy as the associated crystal oscil- 
lator in the transmitter producing the interfering 
carrier. 


Fig. 11 shows the typical intermodulation 
characteristics of a General Electric ER-6 or 7B 
receiver: curve "A" without crystals, curve "B" 
with one erate and curve "C" with two crystals 
used on adjacent and alternate channels. The de- 
sired signal in this case was on 3,02 mc and 
there was no reduction in sensitivity on the de- 
sired frequency due to the presence of the two 
filter crystals which were higher in frequency. 


An inspection of curve "B" shows that the ad- 
dition of this particular crystal improved the in- 
termodulation figure by 17 db. It is probable ~ 
that the same crystal reduced both the adjacent 
and the alternate channel, as these curves were 
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formance. 


taken with the desired signal lower in frequency 
than the signals causing intermodulation. The 
same benefits can be derived with the use of the 
crystal in the antenna transformer for desensitiza- 
tion caused by a nearby transmitter, providing the 
desensitization is primarily due to carrier and 

not transmitter noise. With a third mode crystal 
operating at 3.02 mc, an improvement of 10 db was 
obtained in the adjacent 20 kc channel by the in- 
troduction of a single crystal across the secondary ' 
of the antenna transformer, with no reduction in 
receiver sensitivity on the desired signal. 


We have now seen whereby the use of a higher 
order of selectivity in the high IF amplifier pro- 
duces a receiver having better two-signal perform- 
ance by as much as 7 db for more than twice the 
frequency spectrum shown in Fig. 6 for high-band 
or low-band receivers. Also, in the case of the 
low-band receiver, we have seen where the more 
selective antenna transformer reduced desensitiza- 
tion due to carrier and reduced the intermodula- 
tion by 12 db. Due to the double-tuned type of 
antenna transformer, a single front end crystal im- 
proved the intermodulation figure as much as 17 db. 
We are now in a position where these receiver 
front-end improvements must be translated into 
coverage in miles in order to fully realize what 
the db improvements mean in the system performance. 


An improvement of 6 db in receiver perform- 
ance will essentially double the free space system 
performance. Moreover, for the case of transmis- 
sion over land of average terrain, a 12 db improve- 
ment in receiver performance will double the sys- 
tem coverage. This information is available from 
the General Electric slide rule signal calculator. 
With the use of this slide rule, Fig. 12 has been 
prepared which shows the increased coverage ob- 
tained due to the more selective high IF amplifier 
shown in Fig. 5. In this figure the inner circle 
shows the area of coverage of the receiver at "A" 
when station "B" is on the air, causing a 7.0 db 
desensitization in the receiver at "A." The outer 
circle shows the coverage for "A" when the 7 db of 
desensitization is not present. The area between 
the circles represents the increased coverage and 
is an increase of 76%. In conclusion, Fig. 13 
shows the increased coverage resulting from the 
addition of a single crystal to the front end of 
the receiver for the case where intermodulation 
was limiting the receiver performance. This has 
increased the coverage area by 300% over what it 
was before this modification was made to the front 
end of the receiver. Certainly this represents a 
tremendous gain in coverage for the small cost of 
a crystal added to a standard receiver. 


In a broader sense, let us summarize the fore- 
going in terms of front-end performance: increased 
performance in the front end of the receiver makes 
that receiver approach more nearly the ideal re- 
ceiver. We should know, without making any 
measurements, that this must provide superior per- 
There can only be a question of how 
much. How much has been shown in db in Figs. 6 
and 11 and in system coverage in Fig. 13. 


A SQUELCH SYSTEM CONTROLLED BY SIGNAL—TO-NOISE RATIO 


Warren G. Klehfoth 
Collins Radio Company 
Cedar Rapids, Iowa 


Summary 


Since the quality of communications is a 
function of signal to noise ratio, it follows 
that a squelch system will perform its intended 
function more proficiently if it operates 
directly as a function of this ratio. The 
threshold of operation of the commonly used 
carrier-operated system varies widely with 
changes in ambient noise conditions and receiver 
gain. This squelch system overcomes these 
objections to the carrier-operated squelch and 
may also prove useful for suppressed carrier 
systems. Formulas applicable to circuit opera- 
tion and practical circuitry which will provide 
consistent operation for signel plus noise to 
noise ratios as low as 2 db are given. Results 
of field tests are also included. 


Introduction 


Practically all communication receivers 
operating in the VHF and UHF regions utilize 
squelch systems. The purpose of the squelch 
is to quiet the noise output of the receiver 
when no signal is present in order to reduce 
operator aural fatigue. It. may also operate 
a relay in order to energize a transmitter for 
automatic retransmission purposes. 


The squelch circuits must be capable of 
operating on very weak signals or useful trans- 
missions may be lost due to the inability of 
the squelch to detect the presence of the 
signal, On the other hand, if the squelch is 
too sensitive it will operate due to the 
presence of noise alone which is highly 
undesirable. 


Objections to Presently Used Systems 


Most of the squelch circuits in common © 
usage operate from the increase in detector 
voltage caused by the presence of a received 
carrier signal as shown in Figs. 1 and 2. 
Unfortunately, an increase in noise at the 
detector will also cause an increase in the 
detector voltage. Thus, the carrier-operated 
type squelch circuit cannot distinquish between 
a weak carrier signal and noise. 


If the operator has access to a squelch 
threshold control, the control may be set so 
that the squelch circuitry will operate at a 
level just slightly above the ambient noise 
level. So long as it is convenient and 
practical to set and reset the threshold con- 
trol with changing conditions as required, this 
type of operation will give satisfactory results. 


: Unfortunately, it is never fully conven- 
lent for the operator to reset the control and 
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in some cases it is not practical to install 
the control. Particularly in airborne instal- 
lations where the operator may be the pilot, 
it is highly undesirable for him to have the 
additional chore of checking the setting of 
the threshold control during flight. 


Even in ground installations, some commun- 
ications may be lost if the operator allows the 
squelch threshold setting to become too insen- 
sitive. In remotely controlled ground 
installations, the circuitry required to provide 
remote squelch control adds further complication. 


In one recently designed ground installa- 
tion providing remote selection of ten preset 
channels, it was necessary to provide ten remote 
squelch controls (one for each channel) so that 
the threshold level could be set for each 
channel. This was necessary due to the change 
in gain of the receiver over the frequency 
range. Fig. 3 shows values of input signal 
required at different channel frequencies to 
open the squelch circuit on a typical UHF 
receiver. It thus becomes apparent that carrier- 
operated squelch circuits create problems which 
are not insignificant. ; 


The reasons for the above objections to a 
carrier-operated squelch may be summarized as 
follows: 


1. The threshold level of the squelch 
circuit must be set very close to the ambient 
noise level, 


2. Since the presence of a carrier or an 
increase in noise both result in an increase in 
the voltage which controls the squelch, no 
distinction can be made between carrier or 
noise. 


3. The ambient noise level may exceed the 
squelch threshold level when ambient noise con- 
ditions change or when the receiver gain 
changes. The receiver gain will definitely 
change with changes in channel frequency or 
line voltage. 


Circuit Design of Signal to Noise Ratio Control 


The problem thus resolves itself into 
comoating changes in ambient noise level and 
receiver gain or devising a different type of 
squelch circuit which eliminates thé above 
problems, At UHF and VHF frequencies, the 
ambient noise level is not usually the signifi- 
cant factor; however, in unique cases where it 
is a problem, it is difficult if not impossible 
to control. It is also difficult if not im- 
possible to build a receiver which gives constant 
gain over wide ranges of frequency and line 


y 
* 
; 


voltage. This leaves only the third alternative 
which is a different type of squelch circuit. 


Since the quality of communication is a 
function of signal to noise ratio, it follows 
that a squelch system will perform its intended 
function more proficiently if it. operates 
directly as a function of this ratio. In order 
to provide this type of operation, a voltage 
proportional to the signal plus noise function 
and a voltage proportional to the noise function 
must be derived, 


Due to the relatively wide IF pass bands 
which are provided in VHF and UHF receivers for 
frequency stability reasons, it is possible to 
divide the audio output into two spectrums with 
appropriate filters as shown in the block dia- 
gram of Fig. 4. The output of the low pass 
filter which contains the usual audio spectrum 
of approximately 300 to 4000 cps will be pro- 
portional to the audio signal plus noise power 
which exists in the filter pass band. The 
output of the high pass filter which rejects 
the audio signal will be proportional to only 
the noise power which exists in the filter pass 
band. Since the ratio of the noise power exist- 
ing in the low pass band to that existing in the 
high pass band is a constant for a given set of 
filter characteristics, it is possible to man- 


ipulate the outputs of the two filters to provide © 


an output which is a function of the signal plus 
noise to noise ratio for a given level of squelch 
operation. The circuit operation is explained 

as follows: 


Referring to Fig. 4, the output of 
rectifier "A" causes current Ij to flow and 
develops a voltage across resistor Rp which is 
proportional to the low frequency noise plus 
the audio signal. The output of rectifier "B" 
causes current Ip to flow through Rp in oppo- 
sition to Ij. The voltage developed across 
Ro by Ip is proportional to the high frequency 
noise. 


It may be shown as follows that true 
signal plus noise to noise operation will be 
obtained providing the circuit whick controls 
the squelch relay is adjusted so that relay 
operation occurs when E, is zero and main- 
tains the relay in an operated position as E, 
increases in the negative direction. 


~ 1. Let Eqne * voltage developed across Ry 
by the high frequency noise. 


Let En,z¢ = voltage developed across Ro — 


by the low frequency noise 
when no audio signal is 
present. 
Then Enhf = K (a constant) as has been 
previously stated. 


2. Let E, = voltage output as indicated on 
figure . 
3. Let Eni¢ + Es = the voltage developed 


_ across Ro by a signal 
made up of audio and 
low frequency noise. ~ 
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lh. Due to the opposite polarities indicated 
on the block diagram, it is evident that: 


Eo = Enng - (Enig¢ + Eg) 
From 1. above: 


Ennf = K(E,) ¢) 


E, = K(Eme) - Enie - Es 


Ee t+ Emr =K- Fo 
Enlf nlf 


If operation occurs when Ey = 0, the 
above equation becomes: 


nlf = K 


Eni 


E, + & 


at the time operation occurs. 


Thus, operation occurs for a constant value 
of signal plus noise to noise ratio. Since K 
is equal to the ratio of the voltages developed 
across R3 and R), when no audio signal is present, 
K may be set to the desired value by measuring 
these voltages and adjusting R,. It is also 
evident that K must be greater than 1 to prevent 
operation due to noise alone. 


The output voltage E, is applied to the 
grid of V, of the first relay control tube as 
shown in Fig. hk. -. 


Relay Control Circuitry 


The relay control circuitry may be briefly 
explained as follows: Referring to Fig. h, 
assume E. is positive and Vj is conducting. 

The voltage drop across Re due to the plate 
current of Vj places a bias on Vo; no plate 
current flows in Vp and the relay is open. 


Resistor R7 places the correct bias on Vy 
so that operation will occur when E, decreases 
from a positive value to approximately zero. 
As E, approaches zero, the plate current of V7 
decreases and the voltage drop across Re de- 
creases which lowers the bias on Vo. As V2 
begins to conduct, its plate current flows 
through R7 which also increases the bias on 
Vz tending to cut off its plate current. This 
effect acts in addition to the effect caused 
by decreasing E,, Thus a regenerative action 
occurs near the operating point and gives a 
very desirable snap-in action for relay oper- 
ation, The size of R7 is limited by the 
allowable ratio of "squelch on" to "squelch 


off" control voltage. 


If it is desirable to switch to carrier- 
controlled operation of the squelch circuitry, 
a voltage derived from the detector circuit 
is applied to the grid of V, for normal carrier- 
controlled operation. Thus, it is convenient 
to switch from one type of operation to the other. 


In the original development of this circuit, 
the filters consisted of units giving very high 
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rejection to frequencies outside the respective 
pass bands. To conserve space and reduce cost, 
the quality of the filters has been reduced to 
a single R-C section for each filter while 
maintaining operation on S+N/N, ratios as low as 
2 db. 


Reliable operation depends upon using 
circuitry which will give a positive ON-OFF 
action for small changes in the control voltage. 
Thus, the gain available in the two control 
tubes should be as high as possible. The 
magnitude of the change in the control voltage 
which is available for operation at low values 
of S+N/N is determined by the magnitude of the 
audio voltage driving the S+N/N determining 
circuitry and by the losses in the filters and 
the resistive combining network, 


One form of a practical circuit is shown 
in Fig. 5. The filters consist of single 
R-C sections and germanium or silicon diodes 
are used as rectifiers. Two sets of contacts 
are used on the control relay. One set controls 
the audio and the other connects an additional 
two microfarad condenser to the grid of the 
first control tube when the relay closes. This 
provides a delay on release without adding a 
delay to the attack time. Fig. 6 illustrates 
the results obtained with this circuit. The 
squelch opening level for this particular set- 
up was considerably less than 2 db S+N/N 
across the band. 


Another version of a practical circuit 
is shown in figure 7. The filters consist of 
tuned L-C sections. The low frequency filter 
is resonant at 00 cps and the high frequency 
filter is resonant at 10,000 cps. 


_ The circuit shown in Fig. 7 was used 
in conjunction with an ARC-27 multi-frequency 
UHF receiver by the Naval Air Test Center at 
Patuxent to evaluate the advantages obtained 
over the standard carrier-operated. squelch 
circuit. The results are shown in Fig. 8. 
The data indicates that from 6 to 11 db more 
receiver gain may be used with this type of 
squelch, 


Problems Encountered 


It should be noted that the signal plus 
noise to noise circuitry by definition results 
in voice controlled operation. This action 
creates further problems and limits the use- 
fulness of the circuitry in some respects. 


In voice communication systems the attack 
and release time constants must be considered. 
Obviously the shortest attack time possible is 
desirable so that the first word or sylleble 
is not lost. To date, our experience indicates 
that the attack time should be held to 6 
milliseconds or less. The release time is 
more or less a matter of opinion at this time. 
If the release time is short, the reley will 
drop out between sentences or words, There is 
some indication that an advantage is to be 
gained for very weak or noisy signals by using 
a relatively short release time as the noise 
bursts between longer than normal pauses are 
eliminated. Thus the actual signal plus noise 
to noise ratio integrated over a period of 
several sentences is improved since the noise 
bursts have been removed, In listening tests 
conducted to date on systems using a short 
release time, we have had two reactions. Some 
people believe they benefit from the noise 
burst elimination and others object to the 
intermittent action of the squelch. In tests 
run by the Naval Air Test Center at Patuxent 
River, Maryland, it was indicated that a 
release time of about two seconds was desir- 
able as the operator was not aware of any 
difference in operating effects between the 
usual carrier operated squelch and the signal 
to noise ratio squelch, - 


Recent circuit developments have shown 
that it is possible to combine the S+N/N 
control function with carrier control. This 
provides an inherent change in the mode of 
operetion at a predetermined S+N/N ratio. 
Thus, at very low S+N/N ratios, which cannot 
be properly handled by carrier operation, 
voice controlled operation is available, At 
higher S+N/N ratios, carrier controlled 
operation takes over. Since a large percent- 
age of most communications takes place at | 
relatively high S+N/N ratios, a great portion 
of the objection to voice controlled operation 
may be eliminated. 


It is also possible that the S+N/N 
squelch may find application in suppressed- 
carrier systems which cannot utilize a 
carrier-operated squelch. 


Acknowledgment 


The author wishes to acknowledge the 
kind assistance of Mr, J. W. Plummer of the 
Naval Air Test Center and Mr. C. D. Fedde 
of Collins Radio Company. 


-),. a 


: 


ee 


VEHICULAR RADIO STATION INSPECTIONS 


Stacy W. Norman 
Chief, Inspection and Examination Division 
Field Engineering and Monitoring Bureau 
Federal Communications Commission 
Washington, D. C. 


Thank you for asking me to appear be- 


fore you and speak on the subject of "Vehicular 


Radio Station Inspections", This is an inter— 
esting assignment for me since I have been 
pretty closely associated with inspectional work 
for many years. 


Briefly, the purpose of a radio sta- 
tion inspection is to determine whether the 
station is properly installed and is operated 
according to the terms of its Construction Per— 
mit or License, whether the proper grade of 
operators are employed, whether they use appro- 
priate procedures and maintain the required sta- 
tion records. Also, the tower lighting condi- 
tions at stations with high towers are checked. 
This is for the purpose of assuring that the 
station does not maintain a hazard to air navi- 
gation, is making the best possible contribution 
in the public interest, and is living up to the 
obligations assumed by the owner under the li- 
cense which the Commission granted him, 


Inspecting engineers often listen to 
the station, checking on its air activities, 
from radio equipped inspection cars, to observe 
to what extent the channel is free of inter- 
ference and to get an overall picture of the 
station's effectiveness. These observations 
frequently result in recommendations looking to— 
ward improvements in a station's overall effi- 
ciency. 


_ The Commission's engineers render all 
possible assistance to station owners at the 
time of the station inspection, carrying out 
their instructions which read about as follows: 


"While it is the duty of the engineer 
to discover ‘and report all deficiencies, 
discrepancies and violations, it is also 
his duty to assist the station licensee 
to avoid such conditions by advising 
concerning matters which should be cor- 
rected before they become serious. To 
this end, engineers should discuss with 
the licensee or his representatives, all 
unsatisfactory conditions or violations 
and should render, within limits and when 
requested, such technical advice as he 
may be able to give." 


You will find that our engineers are 


men of considerable mle ag in various forms 
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of radio communication, Numerically their num 
ber is not great because although the number of 
radio stations requiring inspection has tripled 
and quadrupled during the last few years, our 
appropriations have not kept pace and we are 
operating with a relatively small staff. In the 
main therefore, we are unable to make the fre- 
quent inspections which we once made and most 
inspections are made on a sampling basis. For 
example, at one time all radio equipped aircraft 
were required to be inspected at least once dur— 
ing their license period, That is, once every 
two years for scheduled aircraft and annually 
for itinerant aircraft, as well as immediately 
following a modification of station license. To- 
day these inspections are made when an engineer 
visits an airport and makes an inspection of the 
ground radio facilities. Then the radio equip— 
ment of a few aircraft on the field, selected at 
random, are inspected. 


Similar arrangements are made in con= 
nection with the inspection of radio equipped 
fleets. If a given fleet had twenty vehicular 
stations and used three different types of trans- 
mitters our engineer would probably sample in= 
spect one or more cars of each typical installa- 
tion. 


Inspection offices of the Commission 
are maintained at thirty points throughout the 
United States, in Alaska, Hawaii and Puerto Rico. 
Each office has a definite area of responsibili- 
ty. In order to streamline inspection trips as 
much as possible, some states are divided almost 
equally between two districts. For example, the 
State of Kentucky is divided between our offices 
in Chicago and Detroit, while the State of Iowa 
is divided between the Chicago and Kansas City 
offices, County lines are used in all cases but 
one to provide clearly understood lines of demar— 
cation. 


With full information at hand regarding 
stations in their district, engineers plan their 
inspectional trips in order to cover the greatest 
number of stations on the trip which our budget 
can afford, Newly installed stations, often with 
the associated vehicular fleets, are thus sched- 
wled for early inspection, sometimes dg weeks 
of their installation. 


The time and date of our inspector's 
arrival is not made known because typical op- 


eration and not "window dressing" is what the 
inspector will be looking for. 


Generally, while on an inspection trip 
an engineer will inspect several stations of each 
class. He may go from a small police station 
having only one vehicle to a large metropolitan 
installation with more than one hundred and then 
may make a very complete review of the 50 kw 
broadcast station in the same or adjacent con 
munity. Later he may inspect stations in any of 
the many new services which have recently come 
into being. 


In order to make a complete, factual 
and objective review of the station, its instal- 
lation and operations, the engineer is conver- 
sant with the rules governing each of the ser- 
vices, He carries with him copies of the Rules, 
Commission Public Notices, and various forms 
which he will, on occasion, fill out to advise 
the station owner, in writing, that a discrepancy 
was discovered which was not corrected at the 
time of the inspection. These discrepancy no- 
tices require prompt answering to the Engineer 
in Charge with a description of the reasons for 
the non-compliance and the actions taken to pre— 
vent recurrence or continuation of the discrep— 
ancy. If the discrepancy can be ccrrected during 
an inspection no citation is issued, while if 
something is noticed during an inspection which 
may lead to a discrepancy at a later date, such 
as a tendency on the part of the equipment or 
operating habits toward an unsatisfactory condi- 
tion, an Advisory Notice is issved by the engi- 
neer, calling attention to this fact. 


Rather frequently engineers find dis— 
erepancies in vehicular associated installations 
which are the result of thoughtlessness or lack 
of knowledge on the part of the station licensee, 
Included, are failure to post the station li- 
cense or identification card, failure to obtain 
transmitter measurements, failure to observe 
proper identification procedures or failure to 
maintain station records, where these are re- 
guired. 


Our records show that in some cases 
the station owner was properly informed of these 
requirements but has neglected to carry them out. 
The reasons given by licensees for failure to do 
these and other necessary things are varied and 
interesting. Occasionally, a licensee receiving 
a citation notice has failed to read or answer 
it. Later, when requested to furnish an expla- 
nation he has stated that he posted the citation 
notice near the transmitter thinking it was an 
extension of his station license, In other cases, 
he was not properly informed when the station was 
installed; and right here I think would be a good 
time to point out the great service which the 
installing technician is in a position to render 
the purchaser of radio equipment. In addition 
to giving him verbal instructions, it would 
appear that a written check-off sheet could be 


_ have not been corrected are referred to the Wash- 
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left telling him what to do and when, Or that, 

if possible, reminders be mailed to the licensee 
by the technician so that the station licensee 
would not overlook important details, not the 
least of which has been disclosed by Commission 
reccrds to be the recurrent need to apply for re- 
newal of his station license. Oftentimes too, we 
find that a station has been sold to another per- 
son and that the purchaser has not made an appli-. 
cation for a new station license but continues 

the operetion of the station, illegally, under the 
license granted to the former owner. 


Our inspecting engineers are proud of 
their record of accomplishment in assisting sta- 
tion owners by affording advice, as requested, 
and offering suggestions for the improvement of 
service rendered by the stations. 


This inspection work has been going on 
since July 1911. Historically, vehicular com— 
muni.cation began further back than many of us 
realize. It is recorded that in 1885 Edison, with 
the assistance of Gillilaud, Phelps and Smith, de- 
veloped a system of communication between railway 
stations and moving trains by means of induction 
and later in 1913 a system of communication using 
spark wireless apparatus was tested and found 
practical for communication with trains in motion, 


The year 1918 saw great progress in the 
application of aircraft communications by radio— 
telephony and radiotelegraphy and in the follow— 
ing year successful transatlantic flights of 
Alcock and Brown of the American NC4 and of the 
British dirigible R34 focused attention upon the 
use of radio for aviation purposes, including its 
outstanding value in aerial navigation. 


Time does not permit me to point out, by 
illustration, many of the services which our engi- 
neers have offered during an inspection of a sta— 
tion, but I might mention that there have been in- 
spections during which a harried technician was 
wearily trying to complete an installation, had 
overlooked an important technical point and was unm. 
able to achieve transmitter efficiency, When the 
omission was obse by the inspector and pointed 
out, it assisted the technician to complete his 
assignment, air test the transmitter and obtain 
much needed rest. Another inspection disclosed a 
previously unnoticed condition which had it not 
been found, pointed out to the licensee and cor- 
rected, could have resulted in a disastrous fire. 


Licensee's replies to citation forms are 
studied by the Engineer in Charge of the district. 
If assured by the licensee that adequate correc 
tive measures have been taken, the matter is re— 
tired to the station's files in the district of- 
fice, More serious discrepancies and those which 


ington office for further study and appropriate > 
action, It will be seen therefore, that prompt 
correction of discrepancies by the station owner 

or his technician is very desirable, avoiding un- 


necessary correspondence, or more stringent 
action. 


Whenever possible the inspecting engi- 
neer has the technician or operator place the 
station's transmitter in operation to observe 
its characteristics, Often too, frequency meas-— 
urements are made to determine whether the sta- 
tion is maintaining its frequency within assigned 
tolerances, Operation of station equipment 
should be by its operator or other licensed rep=- 
resentatives of the station owner, Our inspec— 
tors do not, in general, operate the equipment 
themselves. 


Access to the station, for purpose of 


inspection, is specifically required by the Rules,. 


Occasionally, however, an inspector has some dif- 
ficulty in locating a licensee's representative 
to open the station for inspection or even to 
find the key to the station. This happens fre— 
quently when privete aircraft stations are being 
inspected at airports, It is important that sta~ 
tions which do not have operators in continuous 
attendance establish precedure so they may be 
made available for inspection upon request and a 
key should always be in a place where it can be 
provided when needed, 


So far I have made no mention of the 
original vehicular radio station. I am advised 
that your group includes ships in the vehicular 
category and I am heppy to give ship inspections 
a prominent place in this discussion, Actually, 
the first radic inspections made in this country 
were on shipboard, starting in July 1911 when 
offices of the Radio Service, Department of Com— 
merce and Labor were opened for this purpose at 
New York and San Francisco, In those days the 
flashing spark denoted the radio transmitter. 

It was capable of communications over relatively 
short distances, as compared with those which we 
are able to cover today. This limitation re- 
sulted in part from the use of the rather insen— 
sitive magnetic crystal or electrolytic detec- 
tors in use and the less efficient spark trans— 


mitter. 


The need for ship radio stations was 
made abundantly evident by the long record of 
ships which were not radio equipped, which sailed 
from various ports of the world and were never 
again heard from. On June 24, 1910 the inter- 
national requirements for radic communication 
went into effect for passenger carrying vessels. 
Beginning in 1912 emergercy equipment, in many 
instances a ten inch spark coil operating on 
batteries, was installed to permit the sending 
of distress messages even though the ship's 
electrical system was wrecked by flooding or 
other damage. Two or more licensed radio opere~ 
tors were required for certain passerger vessels. 
Every captain of a radio equipped ship was re~ 


quired to have a message sent over a disterce of 


at least 100 miles, giving his position and the 
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statement that the radio equipment was effective 
over that distance, 


& book in my office, printed in 1916, 
contains about 20 pages of brief entries listing 
ships of various nations which were involved in 
disasters at sea up to that date and how the 
rescue of their passengers and crews was made 
possible by the use of radio communications or 
"wireless" as it was then called. 


Inspections of ship radio stations have 
kept pace with the advances in the art, and the 
added requirements for safety agreed upon at the 
various International conferences and the Safety 
of Life at Sea conventions. Where formerly the 
ship radio station was equipped with only the 
barest necessities in the way of spare parts and 
tools or none at all, it is now required that 
these be furnished with such completeness that 
practically any predictable breakdown in the radio 
apparatus can be corrected by the operator. Also, 
during this time the emergency equipment is avail-— 
abie for commuimicsation in time of need, 


In addition to inspecting the main 
equipment, including the main transmitter, motor 
generator, main receiver, auto alarm, direction— 
finder, and main antenna, the emergency equipment 
receives a thorough going over including checking 
the emergency power supply for the required nun— 
ber of hours at the required load in amperes to 
be certain that it will function efficiently at 
any time. The required spare parts, including 
brushes for the motor generator, spare tubes, 
spara antenna gear, tools, test meters, portable 
electric light, fuses, batteries, hydrometer, 
soldering iron, and the spare bulbs for the emer~ 
geney light, to mention but a few, are all checked 
to see that the installation is ready for any 
eventuslity. Such details as the placement of the 
emergency light with relation to the main and 
emergency radio operating controls and the radio 
station clock and other spare parts are looked 
into. 


Fron what I have told you, you will 
appreciate that the Commission and its predecessor 
agencies, the Radio Division - Department of Com— 
merce, and the Federal Radio Commission have left 
no stone unturned to assure safety of life and 
property by means of reliable radio commmication 
to passengers leaving United States ports on 
United States or foreign passenger carrying ves- 
sels, for sinilar, though less precise inspec- 
tions are made on some forsign passenger ships 
upon specific request. Likewise, careful inspec- 
tion of the radio equipment on freight carrying 


vessels above 500 tons gross are made to guarantee 


to the men who go down to the sea in ships that 
their lives and property also will be safeguarded, 


Demonstration of the apparatus, display 
of the spare parts, and proof by frequency meter 
measurements that the ship's frequencies are with= 


in tolerance is a function of the radio service 
agency which maintains the ship's equipment. 
Ideally, the service technician makes a prelimi- 
nary inspection during which he satisfies himself 
that all conditions and requirements of the ship 
installation are met after which he communicates 
with the Engineer in Charge of the port office 
which is about to make the detailed inspection. 


When our engineer finds the ship radio 
installation in full compliance, appropriate 
certification is made so that the ship may re- 
ceive its Radiotelephony or Radiotelegraphy Cer— 
tificate, required under international law for 
oceangoing vessels, or more recently by the 
"Agreement between the United States of America 
and Canada for the Promotion of Safety on the 
Great Lakes by Means of Radio" in the case of 
vessels navigating those waters. 


The type and number of the operator li- 
cense/s are made a matter of record by the in- 
spector. At this time the inspector also care- 
fully reviews the radio station logs maintained 
by the operator/s. If on a U. S. passenger 
carrying vessel there would be at least two op— 
erators, if on a freighter there may be one op- 
erator and an auto alarm, and the operator must 
show his hours of watch, what signals were heard, 
when the auto alarm was placed in and out of ser-— 
vice, if there were auto alarm calls, if distress, 
urgent or safety signals were heard, messages 
sent and received, as well as daily tests of the 
radio equipment; and he must also show, daily, 
the condition of all batteries used in the opera—- 
tion cf radio equipment, 


The log must also show the results of 
tests of the lifeboat radio equipment which, if 
required to be on board, must be maintained in a 
state of complete readiness for use at any time. 


Summarizing 


During Fiscal year 1954, which ended 
last June 30, our engineers made a total of 3,324 
ship inspections, 533 inspections of broadcast 
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stations and 6,622 inspections of stations in 
other categories, including those in air and land 
transportation, These are considerable reductions 
from the figures for previous years, due to budget 
limitations, and represent only a sampling pro- 
cedure in some cases. 


I believe the Commission's records show 
that there are over 600,000 radio stations, of all 
kinds, licensed in this country, of which approx— 
imately 50,000 are commercial and pleasure vessels 
of various types. 


If I may impose some more statistics on 
you, I might add that there are over 800,900 li- 
censed radio operators of one class or another 
and that nearly 180,000 new licenses were written 
last year, Apparently, 70,000 operators died, 
got married (we do have thousands of lady opera-— 
tors) or went into seclusion as the net increase 
in valid operator licenses was only 112,000 for 
19546 

In closing, may I sum up the purpose 
and goal of the inspection program as one de— 
signed to aid every station owner to operate 
his station for the maximum benefit to the public 
while yet achieving efficient communications in 
his own behalf. When our engineers find that 
improvements should be made in equipment or op— 
erating procedures due to lack of compliance with 
statute, rule or treaty the licensee is promptly 
and politely informed to that effect so that 
corrections can be made. 


Our engineers would rather find a 
station complying in all particulars than to find 
it technically deficient or operated haphazardly. 
No one likes to have to point out faults to 
another, but if we are to have efficient communi- 
cations in our crowded radio frequency spectrum 
it must be done and our engineers are the boys 
who can and will do it, 


Please give them your full cooperation, 
they will appreciate it and I can promise you they 


_ will in turn cooperate with you to the fullest ex- 


tent within their power, 


-Bven this didn't stop Mr. 
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Washington, 


When your Program Chairman, Mr. 
Keleher, asked me to talk with the Boston 
cnapter of the. Professional Group on Ve- 
hicular Communications of the Institute of 
Radio Engineers --wow-- I tried to dis- 
courage him. I told him I had worked at 
many jobs but had never tried to be an en- 
gineer. I confessed that I hadn't even 
been admitted into that growing number of 
lawyers who, on the slightest provocation, 
will whip out a big slide rule to make a 
complicated calculation. 


Mr. Keleher replied that my remarks 
would furnish a desirable bridge between 
management and engineers. I didn't under- 
stand this, but I was flattered. The only 
people I "manage" are three secretaries; 
and anyone who tries to keep three gals 
busy knows who's running who. (Could we 
leave that who, please?) 


I then thoush I mizht discourage him 
by saying tnat my remarks were often not 
of the sugar-coated variety, my theory 
being that the alert mind is always criti- 
eal, 
Keleher. 50 
here cram. 


I guess I am here for another reason, 
Enzineers have been telling me 
things all my life. Anytime a group of - 
enzineers wants to hear me, that's it. Now 
that's not a case of Bulldog-Drummond- 
strikes-back. I mean it very humbly. 
really don't think there's a communica- 
tions lawyer in the business who doesn't 
owe a tremendous debt of gratitude to some 
engineer_or engineers. 


too. 


I 


In my own case, even during busy 
World War II days, E. K. Jett, when he was 
Chief Engineer of the Federal Communica- 
tions Commission (later Commissioner and 
now Vice-President of the Sun Papers radio 
and TV properties in Baltimore), would 
often take time out to explain some radio. 
engineering principle or situation to me, 
generally after hours. I still remember 
his explanation of the way power can af- 


fect the theoretical limitations of line- 


a 
? 
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of-sight radio frequencies. He took a 
flashlight from his desk, turned off the 
room lights, and focused it against the . 


Paper presented before Boston Chapter, 
Professional Group on Vehicular Communi- 


cations, Eastman Research Laboratory, MIT, 


Room 6-120; February 25, 1954. 
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and with tne rest we shall not bother. 
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20th Street, N. W. 


Din 


side or his desk. Theoretically, the 
light rays couldn't illumine the top of 
the desk; but they splashed over. And 
ever since then I've had a great respect 
for the ability of line-of-sight frequen- 
cies to get around obstacles. I might add 
tnat I have since seen some "book" engi- 
neers equally respectful in reviewing the 
Operating results of particular line-of-, 
sight installations. 


On one particular deal for the Board 
of War Vommunications, Phil Patton, then 
an FCC common carrier engineer and now 
Vice-President of Lenkurt Electric Comp any, 
gave me a primer on how our nation-wide 
telephone and telegraph communications 
plants work. It lasted for 30 consecutive 
nishts. That count is accurate, gentlemen; 
our wives kept it jointly. 


Joe Wofford, while he was at the FCC 
and before he became an outstanding sys- 
tems consulting radio engineer in Houston, 
did the same for me in the ‘industrial mo- 
bile radio field. And the list of former 
and present FCC mobile radio engineers who 
have drawn diagrams for me -- that is the 
only way you can explain things to a law- 
yer -- is just too long to spell out here 
but I can, and do, acknowledge my lasting 
indebtedness to all of them. And also to 
the industry engineers like Tom Warner of 
National Bus Communications who have taken 
up the burden of continuing my education 
sinee I left the FCC; 


It's just as well I have had those 
post-graduate sessions because I've 
noticed a gradual change during tne last 
few years in the people who write me. In 
the beginning it was generally house coun- 
sel who didn't want to get into something 
they didn't know a thing about, like 
radio. Now the correspondence is signed 
by people bearing titles like Chief Engi- 
neer; Construction Engineer; Plant Engi- 
neer; Mechanical Engineer; Engineering 
Representative; Chief Draftsman; Vice- 
President, Engineerinz; yes, and sometimes ~ 
even, Radio Engineer. 


; No question about it, the engineers 
shall inherit the earth because it's get- 
ting too complicated to run without bene- 
fit of an engineering background. Few in- 
deed are the industries which can any 
longer be described, as some one once de- 
scribed the oil industry, as a small body 
of business men entirely surrounded by 
lawyers. The fellow who said that was not 


a lawyer but even a lawyer may perhaps be 
pardoned from questioning whether the ulti- 
mate inheritance of engineers has not been 
anticipated somewhat within the Safety and 
Special Radio Services of the Federal Com- 
munications Commission where the Chief of 
the Bureau and every single Service Divi- 
sion Chief -- Amateur, Aviation, Land 
Transportation, Industrial, Marine and 
Public Safety -- is an engineer! 


Now I don't mean that at all criti- 
cally. All I mean to suggest is that oc- 
casionally engineers may feel themselves 
confined within existing limitations and I 
will be specific and say in this case that 
the limitations I refer to are specific 
frequency boundaries. A lawyer, on the 
other hand, may be able to look ahead and 
see some possibility for alleviating the 
rigid limitations within which the engi- 
neer would accomplish his work, and with- 
out hurting any other user. Constructive 
use of precedent is the term the lawyers 
apply to this extension of a sound prece- 
dent to a new or novel set of facts. The 
combination of able engineers and able 
lawyers working together may thus perform 
prodigies of public service, while either 
one working alone might fall far short of 
the means for expanding, or avoiding a 
contraction, of mobile radio usage. 


Of one thing, I am convinced. Just 
as a lawyer's horizons may unquestionably 
be widened by the contributions of engi- 
neers, so may an engineer's total effec- 
tiveness be increased by rubbing shoulders 
with lawyers. Lawyers have special pifts 
too, of selection, focus and presentation, 
among others. The particular gifts of 
eacn group may be welded together to ar- 
rive at a common goal, if working contact 
between the two is established and main- 
tained in a climate of mutual respect. 


The dangers of a narrow, engineering 
approach to communications problems are 
perhaps nowhere better illustrated than in 
the area of mobile radio sales. Too many 
mobile radio sales programs -- and impor- 
tant ones -- have been attempted in the 
past witnout first casing the industry's 
communications needs. 


Truck radio usage almost expired five 
years or so ago with the experimental pro- 
gram of Highway. Radio, Inc. in Chicago. 
The American Trucking Association spent 
some $30,000 plus in that experiment try- 
ing to find out what radio had to offer 
for the trucking industry. They found out 
just about nothing because the wrong kind 
of trucks were equipped with radio. They 
put the mobile installations on milk 
trucks, for example, that collected the 
milk in rural areas and then shot on down 
to Chicago. The drivers knew where they 
were going to collect the milk and they 


knew where they were going to deliver it. 
They needed radio communication with their 
headquarters office in Chicago about as 
much as I do driving my car to work every 
morning. How different the results would 
have been if the installations had been 
concentrated in the trucks of the regular 
common carriers. These trucks go about 
the City of Chicago collecting less than 
truck load quantities for delivery to a 
central terminal. The constantly changing 
pattern of shipper demands cannot te pre- 
dicted, and this naturally makes radic in- 
dispensable to efficient operations. 


The use of radio by inter-city buses 
also narrowly escaped a similar fate. 
Their initial experimental installation 
consisted of a single land station serving 
several bus lines operating in and out of 
Cnicago. Let me now quote from a comment 
recently filed with the Federal Communica- 
tions Commission by Mr. Warner of National 
Bus Communications: 


"Experience has shown that the maxi- 
mum returns from the use of radio by 
the intercity motor bus industry are 
only gained when a substantial number 
of the msjor terminals and buses of 
any division of an intercity carrier 
are radio-equipped. A single land 
station is of practically no value in 
controlling the intercity movement of 
buses between major terminals." 


Have these early sales errors been 
eradicated? I would say that the same er- 
ror is not being repeated in old fields 
but that it continues in new fields. For 
example, I recently participated in a com- 
mon carrier trucking symposium in Chicago 
that I don't think could be improved upon 
from the sales point of view. I had been 
invited to explain the presently complica- 
ted frequency situstion. The communica- 
tion needs of those regular common carri- 
ers had been figured to a decimal point. 
The sales engineers knew what the carriers 
needed in the way of communications; they 
showed what radio would contribute to the 
carriers' operations; and the costs of 
radio were most impressively and accurate- 
ly poised against the costs of the radio- 
less trucking operation. I am.sure many a 
trucker's eyes were opened as to what 
radio could do for his operation. Those 
eyes were opened wide not because the 
speaker had an amateur or first or second 
class radiotelephone license but only te- 
cause of the way that radio use was relst- 
ed to the trucker's daily operational 
problems. 


Incidentally, they even had an indus- 
trial psychologist at that symposium. In 
addition to dealing with lawyers, do you 


vehicular engineers have to deal with in- 


dustrial psychologists, too? Though it 
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made in the newer fields. 
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sounds like a fate worse than death, I re- 
gret to say the answer is yes. 


The answer is yes because if you 
don't explain the introduction of radio to 
the employees you can get a very bad labor 
reaction that will defeat all the contri- 
butions your engineering skill has to 
offer. Believe me, there is just no way 
to make a truck driver use radio. What 
engineering answer have you for the truck 
driver who explains to the irate manager 
why he couldn't reach him by radio: "I 
tried to use the radio earlier in the day, 
boss, but the blankety-blank set wasn't 
working so I turned it off." 


The engineering answer to that prob- 
lem of equipment mal-function is supplied 
by the industrial psychologist. He says-- 
take great care -to explain the reasons for 
the introduction of radio before the actu- 
al installation is made. The explanation 
should be given in terms of the increased 
significance of -the employee's role by 
reason of the flexibility of operations 
that accompanies his control of a radio- 
equipped truck; in terms of the elimina- 
tion of that feeling of frustration in be- 
ing required, without radio, to go all the 
way back to the place he just came from; 
in terms of his availability to management 
in the event of a personal emergency such 
as his wife's anticipated maternity; and 
in terms of management's availability to 
him in the event of personal emergency 
such as accident or breakdown as well as 
in assisting in the difficult decisions 
that each day brings to the driver. 


This Chicago trucking symposium con- 
vinced me that the old sales errors are 
not being repeated in the established 
fields. But I think they are still being 
I have heard 
many, many manufacturers, for example, . 
complain that they are showing the mobile 
radio sales engineers how to use radio; 
the engineers are not showing them how ra- 
dio may be employed to advantege in their 
operations. 


The manufacturing companies are not 


slow to compare this situation with their | 


experience in the use of I.B.M. equipment. 
In introducing I.B.M. equipment, the 


salesmen stimulated the imagination of 
their manufacturing company purchasers in 


the many unknown uses to which their 

equipment could be put. Very little idea- 
stimulation has cheracterized mobile radio 
sales in the manufacturing field, although 
the field is tremendous, or would be with 


adequate frequency provision. 


I was invited here particularly to 
discuss the Petition which the Committee 
on Manufacturers Radio Use recently filed 
with the FCC for additional frequencies in 


the so-called Citizens band. I think your 
group is to be congratulated on your 
awareness of the profound significance of 
the radio use of the manufacturing indus- 
tries of the country. I have participated 
in the establishment of many new radio 
services but I assure you that I regard my 
connection with the continuing effort of 
the manufacturing companies to establish a 
new radio service as far and away the most 
Ssienificant association I have had: since 
devoting myself to mobile radio matters. 

I have, in fact, alluded to past sales er- 
rors in other fields only because I sin- 
cerely hope they will not be repeated in 
any way that will retard manufacturing 
company radio usage because, if so, the 
country at large suffers. I am therefore 


. sorry that I feel lacking in the necessary 


73 


perspective, even if it were appropriate 

now, to discuss the merits of that Peti- 

tion against the occupation that is being 
made of the Citizens band. 


There is, however, one non-controver- 
Sial aspect of the Petition in which you 
may perhaps be interested because of its 
general applicability to the subject of 
our mutual interest. I think you will 
better appreciate what I have to say if I 
sketch in the background details. Herbert 
E. Markley of the Timken Roller Bearing 
Company and Victor G. Reis of the Bethle- 
hem Steel Company, Chairman and Vice- 
Chairman, respectively, of the Committee 
on Manufacturers Radio Use, were sitting 
in my office dictating our Petition. We 
had reached the point where we wanted 
briefly to explain the function of mobile 
radio in manufacturing operations. How 
account for the extraordinary reception 
that radio is receiving by the manufactur- 
ing companies using it? 


I said that I could tell them why 
taxi operators and taxi drivers "love that 
radio". The taxi driver loves that radio 
because he makes more money with it than 
without it -- the simple, nothing succeeds 
like success test. The taxi operator 
loves radio for less obvious reasons al- 
though he, too, must examine his profit- 
and-loss statement with a high degree of 
care. 


I should say right here that Washing- 
ton and New York are not normal taxi 
cities. But in every other city that I 
know of, the taxi operator spends his life 
building’ up his "call" business. And what 
happened, before radio, or a rainy day? 
The taxi driver had plenty of pick-up 
business; no need for him to call the taxi 
office and set a pay-load. Result: the 
taxi operator had to disappoint the people 
who called him for service when they most 
needed it, in bad weather. 


With radio, the whole situation has 
changed since the taxi operator can now 


reach his radio-equipped cabs and send 
them to fiil the customer cslls. Giving 
service to regular customers and others 
when needed builds the business. Failure 
to give service under sucn conditions 
kijis it. The drivers living for the day 


may lenore the cal business; the operator 


whose business growth and very existence 
turns on dependable call service cannot 


and does not wish to ignore call business. 


In short, radio has permitted the taxi 
operator to run his business as he -- not 
the drivers -- think it should be run. 
The result _is better public service. 


Well, we all agreed that was not 
quite what accounted for the expansion in 
number of mobile units that invariably 
follows a manufacturing company's initial 
installation of a few mobile units. We 
batted the subject around, went through 
five or six drafts, and finally came to 
what. Ih regard as a universally acceptable 
explanation of the high importance of mo- 


bile radio to all users. Here is our def- 


inition of the function of mobile radio 


communications in manufacturing operations. 


"The primary function of the mana- 


gers of any enterprise is the projec- 


tion of themselves tothe greatest 

extent possible into every important 
part of the whole process. This has 
been true from the earliest times in 


man's productive activities. The ore- 


man farm was operated ideelly by the 
owner because he had direct control 

of the whole operation. When he en- 
gaged a hired hand to share the work 
and increase the productivity of his 


farm, he became a manager. As such, 


his problem was to get the work of 


the hired hand. done as: he would do it 


himself. The solution for him was 
easy: oral instructions, which could 
be altered quickly during the day as 


required. Now a manager often is re- 


sponsible for instructing and super- 


vising hundreds of employees, but his 
basic problem in directing a working 


force remains with him -- he must 


still try to get the work done essen- 


tially as he would do it himself or 


as he would wish it done; even though 


it is physically impossible for him 
directly to oversee all parts of the 
operation. 


"The difficulties of the problem 
are intensified in modern industry 


when operational areas are large and. 


scattered and production procedures 
are complex and interdependent. 
Rapid communication is'an important 
.@lement in overcoming the difficul- 


ties. Through the years many well- 


known and efficient transmitting 
methods have been developed and 
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industry has made full use of the 
telegraph and the telephone and other 
fixed wire-line facilities. Radio, 
however, is used when wire-lines can- 
not be used at all, as in the opera- 
tion of mobile vehicles, from which 
it 1s obviously impossible to trail 
wires; it is also used in certein 
kinds of operations where wire-lines 
would be cumbersome or hazardous or 
uneconomical, and in the activities 
of mobile working crews in locations 
where only a portable communications 
system is feasible or desirable. In 
all those cases radio communications 
permit more effective disposition of 
vehicles and personnel, which in turn 
results in substantial conservation 
of machine-hours, man-hours and 
vehicle-hours, or, in,short, lower 
costs of production." 


I firmly believe that the use of ra- 
dio in manufacturing operations -- and I 
don't mean for general transportation pur- 
po'ses but as it is actually integrated 
into the production line -- holds out al- 
most limitless possibilities, given suffi- 
cient frequencies. I have discussed this 
subject at some length with Mr. E. M. 
Burke, Construction Engineer, Bethlehem 
Steel Company, Shipbuilding Division, and 
I quote from one of his recent letters: 


"Tt is a personal observation of 
mine that shipyards, particularly 
those which havea large portion of 
the various operations involved in 
ship construction on an incentive 
basis, will have unit. prices for the 
various operations very closely 
standardized. I refer to steel fab- 
rication, welding, painting and even 
other outfitting trades. In other 
words, the management heretofore 
could tell exactly the price per ton 
for processing steel plate and 
shapes from the raw stock stage to 
the erection stage. The labor cost 
of material handling, which amounted 
to as much as 65% in the cost per 
ton of steel erected, was.an item 
which was accepted as an inevitable 
overhead charge not subject to 
analysis. 


—_—_ *” 


"We have advanced from that’ stage 
through an appreciation of what is 
possible to realize in the improve- 
ment of material handling methods by 
the use of packaging standards, 
material handling equipment and 
storage space utility. As an item 
of material handling equipment mo-. 
bile radio has contributed enormous- 
ly. It really“is: the! most vital 
factor in the control of production ~ 
costs in that it is the means where- _ 
by a Production Manager can establish 
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a production schedule with a reason- 
able possibility of having materials 
arrive and be taken away in the time 
allotment included in tne production 
schedule. 


"Heretofore, incentive rates could 
be definitely established for all the 
manual elements involved in any stage 
of process, but the final cost of the 
processing at the several stages had 
to include an allowance to the work- 
man himself for delays to him while 
he was waiting for material. Such 
allowances can now be eliminated 
through the versatility of mobile’ 
radio, as Supervisors can immediately 
make known to proper authorities the 
material shortages, and prompt dis- 
patching can correct the situations. 


"This transition from catch as 
catch can material handiing to pre- 
cise scheduling is not necessarily a 
completed accomplishment in our 
yards, but there has been a tremen- 
dous improvement. 


"One of the most valuable improve- 
ments resulting from the mobile radio 
-is tne new attitude of personnel 
towards material handling. More lifts 
are being made with less equipment 
and, seeing this service improve, 
personnel seem to be more material 
handling minded. As a consequence, 
iéss storage space in critical areas, 
such as aboard ship and in shops, is 
required for the storage of material 
ready to be installed or processed. 
Supervisors allow less lead time be- 
cause they can rely on established 
schedules for material delivery." 


For the doubting Thomases, if any 
tnere be, some chapter and verse citation 
may be in order. In any large company, 
one department will frequently operate in- 
dependently of the other. Each department 
knows what its material handling unit re- 
quirements are but they have normally been 
calculated in terms of urgent require- 
ments. Without radio, the only way a par- 
ticular department could be sure a han- 
dling unit was available when needed was 
to have plenty of units assigned to its 
independent use. 


To describe this system of operations 
is to condemn it. 
factory answer to it before radio because 
any department with permanently assigned 
units would be opposed to letting them go, 
whether or not they were idle most of the 
time, because it was difficult to locate 
the units, once beyond their control, for 
later lifts. Results: wasted equipment 
and manpower. 


But there was no satis- . 


Me 


How about the handling requirements 
of departments not having assigned units? 
Were their shipping problems well handled 
without radio? To describe the metnod em- 
ployed there is again to condemn it. 
Shippers in departments not having as- 
signed units might attempt to lure a rov- 
IZ SUNG es UPaACuOr truck. fork litt or 
straddle - by hanging colored placards in 
the vicinity of the shipping area of the 
department. The color of the placard in- 
dicated the type of handling unit required 
and the success of the system depended 
upon the initiative of the driver in see- 
ing the job-call. Something like trying 
to attract an experienced waiter who may 
or may not want to serve you at the 
moment. 


Of course, shippers in extremis could 
hail the passing unit or otherwise comman- 
deer it -- while some one else waited. Or 
the shipper might call the Transportation 
Department, where -the uncontrolled job as- 
signments accepted by the roving units 
usually meant slow service, or possibly 
the arrival of a unit as a commandeered 
unit pulled away. JI could go on, but I 
think the picture of catch-as-catch can 
material handling to which the radioless 
manufacturer is condemned is quite clear. 


The inauguration of,a two-way radio- 
central dispatch system, however, puts 
control of all material handling units in 
the dispatcher, and invariably results in 
a vast improvement in handling service. 
Some units may continue to be assigned to 
departments having considerable traffic, 
but fewer than before-~radio. The dis- 
patcher, furthermore, retains control, and 
may pull idle units for use elsewhere, or 
may for urgent lifts overrule the depart- 
ment shipper and temporarily reassign a 
unit. 


Requests for service (other than for 
assigned units) are all cleared by the 
dispatcher, who. knows the location of all 
handling equipment in the yard. At the 
time of service request, the dispatcher 
can determine the relative priority of 
each call, and assign the units according- 
ly. He also tries to find "return" trips 
for the equipment, so that deadhead travel 
time is held to a minimum. Urgent re- 
quests are rapidly filled, as the dis- 
patcher can readily locate the proper 
unit, and has instant contact by radio. 


The success of the radio-controlled 
materials handling system turns in large 
degree upon the ability of the dispatcher. 
He must have a thorough knowledge of the 
yard layout, the facilities at each ship- 
ping point, the capabilities and limita- 
tion of the equipment, and the location of 
all equipment at all times. He must be 
familiar with the types of materials 


handled and with the recommended shipping 
methods. A calm disposition and ability 
to sense the true priority of service re- 
quests also are great assets. 


Radio offering the only assurance so 
far developed that the right amount of 
material will be available at the right 
place at the right time, can any one ques- 
tion the expansion that will occur in 
manufacturing company radio use as the in- 
genuity of our brilliant manufacturing ex- 
ecutives -- in which our country above all 
others abounds -- is directed to the im- 
provement of material handling practices? 


Again for the doubting Thomases, if 
any there be, the economic and national 
importance of what .I am about to say can- 
not be over-emphasized. It is this. In 
almost all types of manufacturing opera- 
tions, there is a considerable amount of 
indirect costs. 
of those indirect costs {is material han- 

ther costs of manufacture having 


auras 
become largely standardized, we have 


reached the stage today wnere in many 
cases the only opportunity one manufactur- 


er will have to improve the price of his 


One of the major elements 
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competitor will be through improved mate- 
rial handling practices. 


There is one final thougnt I would 
like to leave with you. It really sums up 
just about everything I have been talking 
about. Industrial management is now 
catching up with the rest of the world in 
the matter of communication by radio. For 
many, many years ships at sea, airplanes 
and police departments have been distrib- 
ating important information and co-ordinat- 
ing their activities by means of radio 
communications. Industry in many areas 
has meanwnile been relying on visual 
signs, footwork or oral communications or 
has been without any sort of communica- 
tions. The ultimate results of tne search 
by. manufacturing companies for the applica- 
tion of radio communications in all feasi- 
ble areas will be the establishment of a 
phenomenal number of radio systems. The 
research studies and experimental opera- 
tions in this field can best be progressed 
by you people in the audience. You have 
an unlimited scope for your imagination 
and inventive abilities and if the job is 
properly done you will leave a permanent, 
shining mark on the development of reato: 
systems in industry. 
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